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TRANSLATOR'S  preface. 

—    I  — i  I 

IT  is  a  singular  fact,  that,  in  this  country, 
which  has  given  birth  to  some  of  the  most  important 
discoveries  in  Physiology,  there  should  not  have  been 
produced  a  single  elementary  or  systematic  work  on 
the  subject.  Those  only  have  written  on  Physiology, 
who  had  discoveries  to  make  known,  and  to  these  they 
have,  in  general,  confined  their  publications.  The 
consequence  has  been,  that  there  are,  in  the  English 
language,  many  works  in  different  departments,  and 
on  single  points,  of  physiological  inquiry,  and  that  our 
miscellaneous  scientific  publications,  the  transactions 
of  Societies  and  periodical  works  of  inferior  importance, 
are  stored  with  much  valuable  matter,  both  of  new 
facts  and  original  speculation.   But  till  this  is  brou  ght 
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together,  from  the  various  quarters  where  it  lies  scatter- 
ed, into  some  more  comprehensive  form,  it  is  not  truly 
within  the  reach  of  those  to  whom  it  would  furnish  an 
important  part  of  their  professional  knowledge;  nor  in- 
deed, until  it  possesses  some  systematic  work,  embra- 
cing all  that  is  known  of  the  subject,  can  the  country 
itself  exhibit  its  claims  on  the  scientific  world  for  the 
service  it  has  done  to  Physiology. 

Such  a  work,  however,  which  should  fairly  repre- 
sent the  state  of  Physiology,  as  it  at  present  exists  in 
Europe,  was  perhaps  scarcely  to  be  expected :  for, 
though  it  should  contain  no  discovery,  it  would  be, 
if  rightly  executed,  a  work  of  great  magnitude,  and 
requiring  qualities,  which  do  not  often  go  together. 
The  industry  requisite  for  collecting  materials  from  so 
great  a  number  of  writers  in  different  languages— the 
judgment  and  profound  knowledge  of  the  subject  ne- 
cessary in  the  selection— the  acuteness  required  in  ar- 
riving at  the  truth,  where  the  variety  of  opinions  is  so 
great,  are  qualities  rare  in  themselves,  and  still  more 
rarely  combined.  The  genius,  which  inspired  to  the 
great  English  Physiologists  the  important  discoveries 
that  have  immortalized  such  names  as  Harvey,  Hunter. 
Monro,  seems  as  if  it  had  unfitted  them  for  the 
more  laborious  and  ungracious  task  of  compiling  and 
arranging  the  discoveries  of  others.  How  seldom 
may  we  expect  to  meet  with  such  a  combination  of 
genius  and  indefatigable  industry,  as  was  seen  in  the 
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great  Ilaller;  yet  without  a  certain  degree,  at  least, 
of  the  same  qualities,  no  writer  can  pretend  to  tread 
in  his  footsteps. 

It  is  probable  too,  that  the  great  work  itself  of 
Haller,  at  the  same  time  that  it  best  illustrates  the  im- 
portance of  the  undertaking,  and  its  difficulty,  must  be 
considered  as  having  long  remained,  by  its  excellence,  an 
impediment  to  the  production  of  a  similar  succeeding 
work.    Haller  was  fifty  years  engaged  in  the  most  ar- 
dent study  of  Physiology ;  his  work,  besides  all  that 
he  himself,  the  great  leader  in  physiological  discovery, 
and  also  the  most  extensive  discoverer,  wished  to  give 
to  the  world,  of  his  own,  contained  all  that  was  known 
on  the  subject,  at  the  time  it  appeared.     As  it  was 
written  too,  in  the  Latiii  language,  it  found  a  ready 
access  to  every  school  of  Medicine,  and  was  every  where 
received  by  the  Profession  as,  at  once,  the  most  authen- 
tic record  of  the  facts  of  Physiology,  and  the  most 
luminous  exposition  of  the  principles  of  the  science. 
We  cannot  wonder,  therefore,  that,  while  Haller  had 
exclusive  possession  of  Physiology,  no  other  writer 
should  have  attempted  any  work  on  the  same  subject, 
even  for  some  time  after  his  death,  while  the  additions 
to  the  mass  of  knowledge  were  not  sufficient  to  effect 
any  important  change  in  the  science.     Now,  however, 
enough  has  been  added  to  change,  in  many  important 
respects,  the  face  of  the  science,  and  to  demand  syste- 
matic arrangement.    Of  late  years,  accordingly,  s  ve- 
ral  works,  composed  with  this  view,  have  appeared  on 
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the  Continent ;  amongst  which  may  be  mentior.rd  tliosr 
nf  Blumenbach,  Bichat,  Dr.  Dumas  of  Montpel- 
lier,  and  M.  Kicherand. 

This  priority  in  the  systematic  arrangement  of  our 
knowledge  does  not,  however,  at  all  imply  that  the 
progress  of  Physiology  abroad  has  been  more  rapid 
than  in  this  country.     It  would  be  difficult  to  say 
where  it  is  furthest  advanced.    If  a  comparative  view 
were  to  be  given  of  the  science,  as  it  exists  in  Britain 
and  on  the  Continent, it  would  rather  appear  thatadiffe- 
rent  excellence  has  been  attained  on  eitjier  side,  accom- 
panied, of  course,  by  different  defects.    In  Britain,  it 
might  be  shown  that  it  is  founded  on  sounder  princi- 
ples, and  more  freed  from  the  doctrines  of  the  older 
Physiologist s,  who  were  rather  given  to  invent  expla- 
nations of  the  phenomena  of  Nature,  than  to  seek  them 
in  the  laborious  investigation  of  lier  operations.  The 
Physiologists  of  this  country  have  studied  with  intelli- 
gent, patient,  and  zealous  research,  the  facts  of  Phy- 
siology; they  have  distinguished  themselves  in  this, 
as  in  the  other  sciences,  by  an   anxiety  for  exactness  of 
knowledge.     The  continental  Phy  siologists  are  fond 
of  theory  :  an  adherence  even  to  the  old  theories  cha- 
racterizes, very  remarkably,  the  works  of  the  most 
modern  foreign  writers  on  Medicine  and  Surgery,  in- 
fluencing even  the  practice  of  the  Profession  in  a  very 
unfavourable  manner.    But  this  spirit  of  theorizing, 
this  anxiety  to  extend  individual  facts  into  general 
principles,  is  as  essential  to  the  progress  of  the  Sci- 
ence, as  that  zeal  in  the  acquisition  of  knowledge 
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which  prepares  its  materials.  They  earn  this  spirit  to 
excess :  but  which  is  ihe  most  dan gerous error  to  science, 
I  will  not  pretend  to  determine— that  impatient  activity 
of  mind,  which,  in  its  eagerness  to  theorize,  will  not 
wait  for  fulness  of  knowledge,  or  that  over-distrust 
of  theory,  which  is  not  judicious  caution,  but  timidity; 
or  indolence,  pr  a  real  want  of  intellectual  disposition 
to  high  philosophic  speculation. 

The  same  comparison  w.ould  shew  a  superiority  M 
another  respect,  in  the  Physiologists  of  this  country  • 
that  they  havs  made  further  progress  in  pathological 
Physiology.  They  have  more  applied  themselves  to 
the  study  of  Nature  under  disease,  investigating  both 
the  disordered  functions  and  the  altered  structure  of 
disease,  and  seeking  to  understand,  and  successfully 
availing  themselves  of  the  powers  of  renovation  and 
substitution,  which  are  provided  in  the  body  for  in- 
juries of  its  original  organization;  drawing,  in  short, 
from  Physiology,  a  light  to  the  intelligence  and  prac- 
tice of  their  Art.  The  continental  Physiologists,  on 
the  other  hand,  have  more  endeavoured,  to  bring1  light 
from  other  sciences  to  Physiology.  And  though,  here 
too,  their  speculations  have  borne  the  same  character 
of  precipitancy,  there  is  no  doubt  their  labours  in  this 
department  have  been  attended  with  considerable  suc- 
cess ;  and  that  while  many  of  their  applications  and 
analogies  have  passed  away  from  the  public  mind,  al- 
most as  soon  as  they  were  before  it,  much  still  remains, 
that  will  be  permanently  received  as  convincing  illus- 
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tration,  from  the  sciences  of  inanimate  matter,  of  tlic 
processes  of  living  Nature  * 

This  different  direction  of  the  spirit  of  inquiry,  in 
different  countries,  has  probably  been  favourable  to 
the  rapid  progress  of  the  Science.     Yet  something 
has  been  lost  to  it,  by  what  was  not  at  all  a  necessary 
consequence  of  such  a  division  of  labour,  a  disregard 
of  each  others  pursuits  and  acquisitions.     Both  here 
and  abroad,  we  have  every  day  discoveries  brought 
forward  by  writers,  who  are  very  legitimate  discover- 
ers, if  real  ignorance  of  the  previous  knowledge  of 
others  entitle  to  the  name  of  originality.     These  ima- 
gined discoveries  are  prosecuted  with  infinite  zeal,  and 
much  good  labour  is  lost  to  Physiology,  in  bringing 
facts  to  light,  that  were  well  established  in  the  world, 
before  these  authors  were  born.    The  work,  now 
given  to  the  public,  can  scarcely  be  offered  as  a  reme. 
dy,  as  far  as  this  country  is  concerned,,  of  the  inconvc. 
nience  :   for  though  it  contains  a  good  summary  of  the 
knowledge  and  opinions  of  modern  Physiologists,  and 
does  very  fairly  represent  the  present  state  of  the  Sci- 

*  It  was  in  the  contemplation  of  the  Translator,  when  he  un. 
dertook  this  work,  to  hare  engaged,  in  some  degree,  in  the  com- 
parison of  which  he  has  here  spoken.  He  intended  to  annex  to  if, 
in  the  form  of  an  Appendix,  a  comparative  view  of  (he  opinions  en> 
tertained  in  this  country,  and  on  the  continent, on  many  interest, 
ing  points  of  Physiology  :  which  might  serve  the  purpose  of  notes 
to  the  work,  and  he  some  compensation  to  himself  for  the  unsatis- 
factory labour  of  translation,  ll  is  not  till  towards  the  closejof 
the  work,  of  which  the  translation  and  printing  ha^e  been  una- 
voidably going  on  together,  that  he  finds  the  time  to  which  it 
■was  of  importance  to  the  publisher  to  lix  the  publication,  does 
not  allow  him  to  complete  his  original  intention. 
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cnce  on  the  Coutineut,  those,  who  really  desire  to 
possess  themselves  of  what  has  been  done  there,  will  be 
aware  that  they  must  undertake  a  much  more  laborious 
study,  and  seek  for  the  information  they  want,  in  most 
eases,  at  its  original  sources. 

This  work,  i  believe,  will  be  chiefly  useful  for  the 
purpose  which  was  designed  by  the  author, — as  an  ele~ 
me otary  book  for  students.  There  is  not,  as  I  have 
saL,  one  English  elementary  work  on  Physiology  ; 
scarcely  mdeed  on  any  part  of  our  professional  know- 
ledge Whether  it  be  that  there  is  more  literary  indus- 
tn>  abroad,  or  that  in  the  Institutions  for  Medical  Edu- 
caiion.  the  public  Teachers  are  more  separated  from 
their  profession,  and  devoted  to  the  duties  of  Instruc- 
tion, it  is  certain  that  in  all  departments  of  professional 
study,  they  have  distinguished  themselves  by  the  num- 
ber and  ability  of  their  elementary  works  :  and  in  the 
science  of  Physiology,  in  particular,  the  English  stu- 
dent, who  is  desirous  of  engaging  in  it,  will  find 
himself  at  a  loss  for  a  guide,  among  the  names 
that  have  done  honour  to  science  at  home,  and  com- 
pelled to  seek  assistance,  in  his  pursuit,  from  the- 
writers  of  other  countries. 

An  eloquent  modern  writer  on  Anatomy,  complains 
that  too  much  attention  is  now  bestowed  on  Physiolo- 
gy, while  Anatomy,  on  which  sound  Physiology  ought 
to  rest,  is  neglected.  That  Anatomy  ought  to  be 
made  the  ground  work  of  all  medical  education,  and 
that  a  thorough  knowledge  of  the  structure  of  the  hu- 
man body  ought  to  precede  the  study  of  its  functions 
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is  indisputable,  nor  does  the  truth  of  this  opinion  appeal 
to  be  denied  by  any  one  in  the  present  day.  And  ac- 
cordingly Anatomy  appears  every  where  to  be  cultivat- 
ed with  ardour.  In  all  places  of  medical  education, 
the  number,  both  of  teachers  and  students  of  Anatomy, 
is  increased  in  much  greater  proportion,  than  in  any 
other  department  of  professional  study.  Dissection  is 
now  considered  as  essential  in  the  study  of  Anatomy, 
and  almost  a  new  system  of  minute  surgical  Anatomy 
has  been  instituted  within  a  few  years. 

There  appears  no  reason  then,  to  complain  that 
Ajiatomy  has  been  neglected ;  and  if  there  were,  it  is 
not  to  Physiology,  the  neglect  could  be  imputed.  The 
number  of  teachers  of  Anatomy,  of  Medicine,  and 
Surgery,  is  more  than  four  times  what  it  was,  half  a 
century  ago,  but  the  number  of  teachers  of  Physiology 
Temains  nearly  the  same.  Physiology  is  either  not 
taught  at  all,  or  forms  a  very  insignificant  part  of  a 
course  of  Anatomy.  A  professed  course  of  Physio- 
logy is,  at  present,  scarcely  delivered  any  where  out  of 
the  Metropolis^  and  even  there,  only  one  Lecturer  is 
found  to  undertake  such  a  course.  It  is  not  true  that, 
in  this  country,  Physiology  absorbs  too  much  of  the 
attention  of  students,  and  interferes  with  more  impor- 
tant studies ;  it  may  rather  be  said  to  be  too  little  at- 
tended to  as  a  branch  of  instruction;  it  is  omitted 
until  the  engagements  of  the  profession  leave  no  time 
for  the  prosecution  of  a  laborious  study,  and  it  is,  in 
the  end,  neglected  altogether.  If  Physiology,  if  the 
knowledge  of  the  healthy  functions  be  necessary  to.  him 
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whose  object  in  life  is  to  understand  the  functions  of 
the  bodv  in  disease,  it  is  of  consequence  that  Physiolo- 
gy be  more  generally  studied  ;  that  it  be  considered 
more  as  an  essential  object  of  professional  education  ; 
that  our  public  teachers  bestow  on  it  a  greater  share 
of  their  attention.  > 

Let  it  not  be  objected  to  the  public  teaching  of 
Physiology,  that  it  may  be  learnt  from  books,  as  well 
as  from  lectures.  The  objection  if  valid,  would  be 
equally  applicable  to  most  of  the  other  departments  of 
professional  study,  the  objects  of  which  do  not  admit 
of  ocular  demonstration  ;  yet  no  one  objects  to  lectures 
on  Medicine,  Materia  Medica,  &c.  This  study,  how- 
ever, does  require  the  frequent  illustration  of  Anatomy, 
of  drawings,  of  preparations,  and  even  of  experiments 
which  are  within  the  reach  of  few.  The  study  of  Phy- 
siology, in  books  alone,  is  dry  and  uninteresting  to  the 
vo  ung  student,  and  wil  1  never  be  prosecuted  with  ardour. 
It  seems  too  much  to  rely  on  the  capacity  for  solitary  stu- 
dy of  young  minds  ;  and  at  all  events,  the  study  of  Phy- 
siology,asof  anyother  science,byanumberofyoungmen, 
under  one  teacher,  will  be  more  ardent,  from  the  fre- 
quency of  discussion  and  experiment,  than  if  carried  on 
by  each  separately.  To  study  Physiology  with  any 
effect,  the  student  should  have  access  to  public  lectures 
on  the  subject,  in  which  he  will  see  experiments  and 
preparations,  besides  such  dissections  in  human  and  com- 
parative Anatomy,  as  may  be  required  to  illustrate  the 
doctrines  he  hears,  he  will  then  be  qualified  to  turn  his 
private  studies  to  account,  and  will  pursue  them  with, 
interest. 
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Haller,  who  may  justly  bp  teemed  the  F.ifber  of 
Physiology,  was  himself  a  distinguished  ledurer,  and 
his  mode  of  instruction  may  be  safe!}  followed.  He 
was  a  pupil  of  the  celebrated  Boerhaave,  and  when 
he  himself  became  a  public  teacher,  tiie  doctrines  of 
that  great  man,  had  possession  of  the  schools  j  these  doc- 
trines, he  tells  us,in  his  preface  to  the  Prima?  Lineae  Phy- 
siologia?,  he  continued  to  teach,  for  twenty-four  years, 
using  the  work  of  his  illustrious  teacher,  as  he  calls 
him,  for  his  text  book;  but  finding  that  since  the  time 
of  Boerhaave,  many  improvements  and  discoveries  had 
been  made  in  the  science,  he  thought  it  right  to  substi- 
tute an  elementary  work  of  his  own,  containing  the 
more  recent  discoveries,  and  this  work  he  addressed  to 
his  class.  Physiology  is  improving,  and  new  disco, 
veries  are  daily  added  to  the  store  of  knowledge  already 
in  our  possession  ;  if  all  these  scattered  materials  were 
brought  together,  a  work  might  be  grounded  on  them 
Of  the  highest  value  to  the  public  teacher,  who  has  to 
communicate  instruction,  and  to  the  student,  who  has 
to  meditate  in  private  and  at  leisure,  on  the  knowledge 
that  has  been  rapidly  communicated  to  him  in  a  pub- 
lic lecture.  This  object  is,  as  was  already  observed, 
in  part  fulfilled  by  the  work  of  M.  Richerand,  though 
incompletely,  as  far  as  respects  this  country,  as  it  does 
not  embrace  sufficiently  the  state  of  the  science  in 
Britain. 


Birmingham,  September  14,  J 812. 


THE 

AUTHOR'S  ADVERTISEMENT, 

i 

TO  THE 

•    FIFTH  EDIT10A'.* 


In  preparing  for  the  press  this  Fifth  Edition 
of  his  work,  the  Author  has  carefully  revised  and  cor- 
rected it,  in  all  its  parts,  so  as  to  render  it  more  worthy 
of  the  success  it  has  already  obtained.  The  additions 
which  have  been  made,  will  be  found  not  to  consist  of 
idle  discourses,  orfrivolous  hypotheses.  The  ground, 
work  and  the  order  are  the  same,  the  Author  has  merely 

added  to  the  mass  of  facts,  supported,  by  additional 

proofs,  the  opinions  which  he  had  advanced,— and  de- 
veloped those  parts  of  his  subject,  which,  from  being 
explained  in  too  concise  a  manner,  might  be  involved 
in  some  degree  of  obscurity. 

Among  the  variety  of  opinions  which  criticism,  of- 
tener  unjust  than  enlightened,  has  pronounced,  in  judg- 
ing this  work,  there  is  one  which  requires  to  be  refuted, 
because  it  proceeds  from  an  erroneous  idea  of  what  an 
elementary  work  should  be.  The  Author,  it  has  been 
said,  ought  to  have  contented  himself  with  giving  a 
view  of  the  present  state  of  the  science,  without  any 
additions  of  his  own,  and  he  should  have  abstained 
from  inserting  new  opinions,  which,  until  they  had  re- 
ceived the  sanction  of  the  learned  world,  ought  not  to 
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have  been  introduced  into  an  elementary  work  Thtf 
objection  may  be  answered,  by  considering  that  modern 
Physiology  being,  in  some  measure,  a  new  and  regener- 
ated science,  there  will  be  found,  in  treating  of  it  to 
its  full  extent,  many  deficiencies  to  be  filled  up,  and 
many  doctrines  evidently  erroneous,  for  which  truths 
are  to  be  substituted,  which  it  is  of  importance  to  dis- 
cover. Lavoisier,  in  his  Elements  of  Chemistry,  set 
forth,  in  a  methodical  order,  truths  which  he  himself 
had  discovered ;  he  introduced  original  ideas, not  such 
as  owe  an  appearance  of  originality,  to  minute  expla- 
nation of  what  is  already  known,  or  to  a  general  want 
of  erudition,  too  prevalent  in  the  present  day.  One  of 
his  most  illustrious  colleagues,  in  describing  the  state 
of  the  science,  has  likewise  given  a  history  of  his  disco- 
veries and  labours,  and  men  of  the  soundest  judgment 
ascribe  the  astonishing  progress  of  chemistry,  in  great 
measure,  to  the  favourable  circumstance  of  our  pos- 
sessing elementary  works  written  by  the  most  distin- 
guished chemists. 

The  present  work  has  been  translated  in  England, 
in  Spain,  in  Italy,  in  Germany,  and  men  of  merit  have 
not  disdained  the  task  :  amongst  others,  I  may  mention 
Mr.  Robert  Kerrison,  Member  of  the  Royal  College 
of  Surgeons  in  Loudon,  author  of  a  translation  of  these 
Elements  of  Physiology,  published  in  the  year  1S03. 

Since  the  publication  of  the  Fourth  Edition  of  this 
work,  Professor Sprengel  has  published  his  Institutes 
of  Physiology*.  The  date  of  that  new  work,  and 
the  well  deserved  reputation  of  its  author,  entitle  it 
to  be  considered  as  a  faithful  account  of  the  state  of 
physiological  sciences,  in  Germany.  In  that  work, 
the  reader  will  be  astonished  to  find  it  stated  that 
every  thing  in  the  human  body,  is  governed  by  polar 
influence,  and  by  the  laws  of  antagoriisiu  ;  that  man  is 
in  a  state  of  positive  electricity  ;  that  his  body  is 
formed  chiefly  of  oxygen;  while  the  female  body  is  in 
a  state  of  negative  electricity,  witji  a  superabundant 

*  Instil uiiones  ptysiofogfcti.    AmslcluJ.  1S09,  2  vols.  Svo. 
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{(tiiintiiN  af  hydrogen  itt  the  composition  of  its  solids 
and  fluids.  Thus,  by  the  premature  application  of  a 
few  facts;  borrowed  from  the  physico-chemical 
sciences^,  the  learned  0f  Germany,  have  thrown  back 
Physiology  into  the  uncertainty  of  conjectures  and  hy- 
potheses. 

On  the  other  hand,  Gall,  by  his  anatomical  disco- 
v cries  on  the  organization  of  the  brain  and  nerves,  and 
:i  few  other  Physiologists,  by  their  experiments  on 
living-  animals,  have  been  usefully  employed  in  ad- 
vancing  the  progress  of  Physiology.  The  author  has 
been  anxious  to  increase  the  value  of  this  new  edition, 
by  adding  to  it  the  result  of  their  observations. 

As  to  those  who,  determined  on  being  Authors,  in* 
vita  Minerva  write  on  sympathy,  only  to  add  to  the 
obscurity  of  the  subject,  that  of  their  own  style  and 
ideas,  or  who,  in  treating  of  the  important  subject  of 
secretion,  find  only  an  occasion  of  displaying  their 
stupidity,  the  author  is  forced  to  confess,  that,  to  him 
it  appears  difficult  to  unite  to  a  more  hopeless  medio* 
trity,  pretensions  more  truly  ridiculous. 
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TO  THE  FIRST  EDITION.* 

These  Elements  of  Physiology,  which  contain 
an  abstract  of  the  doctrines  I  have  taught,  for  several 
years  past,  inm  v  public  lectures,  are  written  on  the  mo- 
del of  the  smail  work  on  physiology  of  the  great  and 
immortal  Haller  (Primca;  liriae  Physiologiae).  I  am 
far,  however,  from  presumingtosaythatl  have  equalled 
the  merit  of  a  work,  which,  as  is  remarked  by  a  man  of 
the  highest  ability,  f  when  it  appeared,  gave  a  new  as- 
pect to  the  science,  and  commanded  universal  approba- 
tion If  these  new  Elements  of  Physiology  deserve  any 
preference  over  that  work,  the  honour  is  not  due  to  the 
Author,  but  to  the  times  in  which  he  writes,  enriched^ 
bv  the  progress  of  the  physical  sciences,  with  a  multi- 
tude of  data  and  results  which  may  be  said  to  have 
rendered  Physiology  altogether  a  new  science. 

It  will  be  easily  perceived  that  the  plan  I  have  adopt- 
ed differs  essentially  from  that  followed  by  several  res- 
pectable physicians ;  and  that  the  treatises  on  Physi- 
ology, most  lately  published,  resemble  the  present, 
only  in  their  title.  In  combining  a  great  number  of 
facts,  in  adding  to  those  already  known,  the  result  of 
my  own  observation  and  experience,  and  in  connecting 
them,  by  a  method  that  should  unite  accuracy  and  sim- 
plicity, I  have  had  it  in  view  to  keep  a  due  measure  be- 
tween those  elementary  works,  whose  conciseness  ap- 
proaches to  obscurity  and  dryness,  and  those  in  which 
the  authors,  omitting  no  detail,  and  exhausting,  in  a 
manner,  their  subject,  seem  to  have  written  only  for 
those  who  have  leisure  or  inclination  for  the  profound- 
cst  study. 

*  Published  in  1801. 

+"  When  Haller  published  his  Prima;  linecc  PhysioZogiw,which  he 
valued  most  of  all  his  works,  a  considerable  sensation  was  excited 
in  the  schools.  In  works  on  the  same  subject,  it  was  customary 
to  find  long  dissertations,  almost  always  void  of  proof,  cxtiaordi. 
nary  opinions,  or  brilliant  fictions,  if.  was  matter  of  wonder,  that 
in  Waller's  work,  there  should  be  found  only  numerous  facts,  pre- 
cise details,  and  direct  inferences,  &c." 

Vicq-D'Azyr. 
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Should  any  conceive  that  the  present  undertaking  is 
above  the  capacity  of  my  age,  1  will  sav,  even  at  the 
risk  of  a  paradox,  that  young  men  are  perhaps  fittest 
to  compose  elementary  works  ;  because  the  difficulties 
they  have  encountered  in  the  study,  are  yet  fresh  in 
their  memory,  as  well  as  the  steps  which  they  have  ta- 
ken to  overcome  them ;  and  further,  because  their  r<  - 
cent  experience  points  out  to  them  the  defects  and 
advantages  of  the  different  methods  of  other  instruc- 
tors;* so  that  he,  who,  in  the  shortest  space  of  time, 
has  carried  to  the  greatest  extent  his  own  acquisition 
of  sound  knowledge,  will,  in  some  respects,  be  the  best 
guide  to  his  successors,  in  the  difficult  and  perplexing 
paths  of  elementary  study. 

In  the  composition  of  the  work,  I  have  borne  con- 
stantly in  mind  the  necessity  of  sacrificing  elegance  to 
clearness,  which  I  know  to  be  the  most  important  me- 
rit of  an  elementary  treatise.  Further,  I  have  through- 
out followed,  I  believe,  the  same  arrangement  in  the 
succession  of  the  subjects,  and  applied  to  the  science 
of  living  man,  the  principle  of  the  Association  of  ideas; 
a  principle  so  well  developed  by  Condillac,  in  bis 
Treatise  on  the  Art  of  Writing,  and  to  which  that 
philosopher  has  shewn,  that  all  the  rules  of  the  art  are 
to  be  referred.  Notwithstanding  the  rigorous  law  to 
which  I  have  subjected  myself,  I  have,  after  the  exam- 
ple of  the  ancients,  and,  among  the  moderns  of  Borden, 
and  of  several  other  physicians  and  physiologists  of 
equal  celebrity,  thought  myself  justified  in  employing, 
when  I  felt  it  necessary,  metaphorical  expressions ; 
because,  as  has  been  justly  observed  by  a  writer 
who  has  been,  in  our  own  times,  an  honour  to  her  sex, 
if  conciseness  do  not  consist  in  the  art  of  reducing 
the  number  of  words;  still  less  docs  it  consist  in  de- 
priving language  of  imagery.    The  conciseness  which 

*  "The  best  order  in  which  truth  can  be  set  forth,  is  that  in  w  hich 
it  might  naturally  have  been  discovered  ;  for,  the  surest  method  of 
instructing  others,  is  to  lead  them  along  the  path  which  we  our- 
selves  have  followed,  in  our  own  instruction.  In  this  way,  we 
shall  seem  not  so  much  to  lay  before  them  our  own  knowledge,  as 
to  set  themselves  on  the  search  and  discovery  of  unknown  truths." 

Condillac. 
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is  to  be  envied,  is  that  of  Tacitus,  at  once  eloquent  and 
energetic;  and,  far  from  any  fear  that  imagery  should 
injure  that  justly  admired  compression  of  style,  figura- 
tive expressions  are,  indeed,  those  which  comprise,  in 
fewest  words,  the  greatest  sum  of  ideas.'* 

Those  who  insist  on  meeting,  in  a  work  on  Physio- 
logy, with  a  romance  instead  of  the  history  of  the  ani- 
mal economy,  will,  no  doubt,  reproach  me  with  hav- 
ing entirely  neglected  a  great  number  of  hypotheses, 
ingenious  or  absurd,  on  the  uses  of  organs  ;  with  hav- 
ing omitted,  for  example,  while  speaking  of  the  spleen, 
to  mention  the  opinion  which  considers  that  viscus  as 
the  seat  of  mirth  and  laughter;  with  having  said  no- 
thing of  the  opinion  of  those  authors  who  conceive 
it  to  maintain,  by  counterpoizing  the  liver,  the  equili- 
brium of  the  two  hypochondria,  nor  even  of  the  doc- 
trine of  the  ancients  who  ascribed  to  it  the  secretion  of 
the  atra  bilis,  &c.  To  recall  such  errors  for  the  sake 
of  elaborate  refutation,  would  be  wasting  much  precious 
time  in  idle  discussions,  and  possessing,  as  Bacon  calls 
it,  the  art  of  making  one  question  bring  forth  a  thou- 
sand, by  answers  more  and  more  unsatisfactory.  I  have 
chosen  to  forego  all  such  vain  parade,  from  a  clear  con- 
viction, that  works  of  merit  are  as  often  distinguished 
b  v  some  things  that  are  not  to  be  found  in  them,  as  by 
those  they  do  contain. 

Several  authors,  in  treating  of  the  science  of  man, 
have  indulged  themselves  in  frequent  excursion  into 
the  vast  field  of  accessory  sciences,  and  have,  without 
necessity,  incorporated  in  their  works,  whole  chapters 
on  air,  on  sound,  on  light  and  other  subjects,  which 
belong  to  the  department  of  natural  philosophv  and 
chemistry.  Haller  himself  is  not  entirely  free  of  blame, 
for  having  discredited  Physiology  by  this  borrowed 
display.  I  have  introduced  only  such  general  ideas  of 
the  subject,  as  were  absolutely  necessary  to  render  my 
owtl  intelligible,  and  were,  indeed,  too  closely  con- 
nected with  it,  to  admit  of  separation. 

One  of  the  principal  faults  of  writers  on  Physiology 

*  Dc  la  Litlaraturc  cunsidvrc  dans  ses  rapports  avec  l.t:$  Instu 
lutiuns  Socuilesj  par  Madame  de  Stael-Holstein,  tome  II. 
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is,  that  they  arc  apt  to  &t]  into  frequent  repetitions, 
and  that  fault  is  often  owingto  the  difliculty  ,of  settling 
satisfactorily,  the  limits  of  actions  which  are  mutually 
connected  and  dependent  aiming  the, •.solves,  and  run- 
ning into  each  other,  like  those  that  are  carried  on  in 
the  animal  economy. 

"  In  composition,  one  should  avoid  prolixity,  be- 
*\  cause  it  is  fatiguing  to  the  mind  ;  digressions,  be- 
"  cause  they  divert  the  attention;  frequent  divisions 
"  and  subdivisions,  because  they  are  perplexing  ;  and 
"  repetitions,  because  they  are  oppressive.  What  has 
*'  been  once  said,  and  in  its  proper  place,  is  clearer, 
"  than  if  several  times  repeated  elsewhere. "*  In  fol. 
lowing  these  precepts,  and  they  cannot  be  too  much 
attended  to,  one  may,  it  is  true,  incur  the  risk  of  being 
thought  superficial,  by  superficial  readers,,  who  form 
their  opinion  of  a  work  from  the  perusal  of  a  single 
chapter,  but  a  most  ample  compensation  will  be  found 
in  the  opinion  of  those,  who  choose  to  be  thoroughly 
acquainted  with  a  work,  before  they  pass  on  it  their 
final  judgment. 

After  having  stated  in  what  spirit  this  work  has  been 
written,  I  may  say  something  of  the  motives  which 
have  led  to  its  publication,  I  would  mention,  in  the 
lirst  place,  the  advantage  which,  it  might  be  expected, 
would  accrue  to  the  science  and  to  those  who  are  en- 
gaged in  its  pursuit, --and,  in  the  next  place,  the  satis- 
faction which  study  has  in  store  for  him, who  bestows 
on  it  thetimehe  can  snatch  from  the  laborious  practice 
of  our  art.  In  his  short  intervals  of  leisure  from  pub- 
lic instruction,  and  from  professional  duty,  left  to  him- 
self and  his  own  thoughts,  in  the  silence  of  study,  and 
in  the  calm  of  meditation,  he  looks  down,  with  an  eve 
of  pity,  ou  those  who  drag  on,  through  the  lowest  in. 
trigues,  a  despicable  existence,  and  finds  his  consolation 
against  the  endless  vexations,  that  are  prepared  fjr 
him  by  supercilious  ignorance  and  jealous  mediocrity. 

*  Condillac  Essqi  sur  FQrigine  des  Connoissances  humaine^ 
secondu  tjartiej  sect.  ii.  chap.  iv. 
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PHYSIOLOGY*  is  the  science  of  life.  The  term  life  isapplied  to 
an  aggregate  of  phenomena,  which  manifest  themselves  in  succes- 
sion, for  a  limited  time  in  organized  bodies.  Combustion  is  like- 
wise only  a  combination  of  phenomena;  oxygen  unites  with  the 
substance  which  is  burning,  caloric  is  disengaged  from  it;  affi- 
nity is  the  cause  of  these  chemical  phenomena,  as  attraction  is  the 
cause  of  the  phenomena  of  Astronomy,  and  in  the  same  manner  as 
the  sensibility  and  contractility  of  living  and  organized  bodies  are 
the  primary  causes  of  all  the  phenomena  which  such  bodies  exhi- 
bit— phenomena,  which  in  their  union  andaggregate  succession  con- 
stitute life. 

The  false  notions  which  have  been  entertained  on  the  subject  of 
life,  and  the  vague  definitions  which  have  been  given  of  it,  are  to 
be  accounted  for,  by  considering  that  physiologists,  instead  of  re-- 
garding  life  as  a  simple  result,  have  mistaken  it  for  the  properties 
of  life.  These  last  are  causes  ;  the  first  is  merely  an' effect,  mora 
or  less  complex;  and,  as  the  spring  of  a  watch,  or  rather  the  elas- 
ticity of  that  spring,  determines  by  the  mere  action  of  the  wheels, 
the  motion  of  the  hands  and  all  the  phenomena  of  which  the  ma- 
chine is  capable  ;  so  the  vital  properties  acting  by  the  organs  pro- 
duce all  those  effects,  which  in  their  combination  constitute  life. 
Th<  se  effects  are  more  or  less  numerous,  according  to  the  number 
of  the  organs ;  they  become  more  rapid  too  in  their  succession 
and  life  more  active,  with  the  increase  of  energy  in  the  vital  pro- 
perties. Precisely  as  the  motions  of  a  watch  become  more  comf 
plicated,  stronger  or  quicker,  according  to  the  greater  tension  of 
the  spring,  or1  the  increased  number  of  the  wheels.  Sensibility 
and  contractility,  are  to  be  ranked  among  primary  causes,  of  whose 
existence  and  laws  we  acquire  a  knowledge  from  observation,  but 

*  .Anatomy  ii  the  science  »f  orpani-.ofiw. 
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whose  essence  eludes  our  investigation,*  and  will  probably  remain 
for  ever  beyond  its  reach. 

§  I.  OF  NATURAL  BEINGS. 
The  Vast  domain  of  nature  is  divided  between  two  classes  of 
beings.  Inorganic  beings,  possessing  merely  the  common  pro- 
perties of  matter  ;  organic  and  living  beings,  obeying  particular 
laws,  though  subjected  to  the  general  laws  which  regulate  the  uni- 
verse. Each  of  these  two  grand  divisions  is  naturally  divided  into 
two  classes ;  we  meet  with  inorganic  bodies  under  the  form  of 
elementary  substances,  simple  and  not  capable  of  analysis ;  or 
else  under  the  form  of  mixed  substances,  compound,  and  admitting  of 
decomposition.  Thns,  too,  organized  beings  exist  under  two  very 
diiferent  forms  of  lifej  which  distinguish  them  into  Vegetables  and 
animals. 

The  first  general  conception  with  which  we  ought  to  enter  upon 
this  comprehensive  study  of  nature,  is  the  mutual  dependence  of  those 
beings,  which,  in  their  co-ordinate  whole,  compose  the  system  of 
nature ;  a  dependence  which  requires  for  each  the  simultaneous 
existence  of  all.  Thus  a  vegetable  derives  its  nourishment  from 
inorganic  bodies,  and  alters  their  inert  substance,  which  is  unfit  for 
the  food  of  animals,  unless  it  has  previously  undergone  the  influ- 
ence  of  vegetable  life. 

§  IT.  OF  THE  ELEMENTS  OF  BODIES. 
Another  consideration,  of  equal  importance  with  the  former,  is 
the  convertibility  of  all  those  substances  so  different  from  one 
another,  and  their  capacity  of  being  reduced  to  a  small  number  of 
simple  substauces,  called  elementt.  The  ancient  doctrine  of  Aris- 
totle, relative  to  the  four  elements,  still  prevailed  in  the  schools, 
■with  a  few  modifications,  which  it  had  received  from  the  chemists, 
when  the  K  Pneumatistst"  demonstrated  by  their  beautiful  experi- 

*  It  would  be  wrong  to  infer,  from  our  ignorance  of  the  nature  of  the  vital  pro- 
perties,  that  physiology  is  an  uncertain  Science.  Its  certainty  in  that  point  of 
view,  is  tqual  to  that  of  other  parts  of  natural  philosophy.  The  chemist,  who 
explains  all  his  combinations  by  referring  them  to  the  principle  of  affinity,  and 
the  astronomer,  who  finds  in  attraction  Uie  cause  that  nils  the  universe,  are  ab- 
«olutely  ignorant  of  the  nature  of  those  properties. 

t  This  is  the  name  givea  to  the  school  of  modern  chemistry,  because  it  origi- 
nated from  the  discoveries  made  relative  to  the  nature  of  air  and  elastic  fluids. 
It  must  »•  acknowledged,  tm  tho  credit  «f  metaphysics,  that  tU*  eld  errors  ware 
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rnents,  that  three,  at  least,  of  these  pretended  principles  of  bodies, 
air,  >vater  and  earth,  far  from  being  simple  substances,  were  evi- 
dently formed  by  the  union  and  combination  of  several  others  ;  that 
atmospherical  air,  forexaraple,  far  from  being  an  homogeneous  fluid, 
was  composed  of  many  different  gases,  and  that  in  its  purest  state, 
jt  contains  at  least  two  very  distinct  principles,  oxygen  and  azote  ; 
that  water  is  a  compound  of  oxygen  and  hydrogen,  and  that  earth 
contains  clay,  lime,  silex,  &c. 

We  have  seen  added  in  the  present  day,  to  the  number  of  the 
elements  or  simple  substances,  several  which  were  not  considered 
as  such,  at  the  time  when  natural  philosophers,  misled  by  errone- 
ous metaphysical  doctrines,  had  created  out  of  their  imaginations, 
beings  of  the  existence  of  which  they  could  find  no  prpqf.  There 
is  every  reason  to  believe,  that  the  number  of  substances  not  ad- 
mitting of  decomposition,  limited  at  present  to  forty  four,  may 
hereafter  be  increased  or  diminished,  by  the  discovery  of  new 
principles  in  simple  substances,  or  of  new  elements  in  compounfl 
bodies,  which  have  hitherto  eluded  the  investigation  of  chemists. 
Whatever  may  be  the  success  of  their  enquiries,  pf  which  it  is  im- 
possible to  foresee  the  results,  or  to  fix.  the  limits,  there  is  reason 
to  believe,  that  it  will  ever  be  denied  us,  to  arrive  at  a  knowledge 
of  the  true  elements  of  bodies,  and  that  many  of  those  substances, 
which  the  imperfection  of  our  means  of  decomposition  or  analysis 
obliges  us  to  consider  as  such,  are  frequently  compound  substan- 
ces and  subject  to  their  laws. 

After  what  has  been  stated  on  the  elements  or  constituent  prin- 
ciples of  substances,  let  us  now  see  in  what  manner  the  combina- 
tion of  these  elements  gives  existence  to  all  beings,  and  what  are 
the  general  differences  existing  anjong  the  great  classes  into  which 
they  are  divided. 

§  III.    DIFFERENCES  BETWEEN  ORGANIZED  AND 
INORGANIZED  BODIES. 
Much  attention  has  been  bestowed  of  late,  on  the  difference 
which  exists  between  organized  andinorganized  bodies.  The  latter 
have  been  observed  to  be  very  different  from  those  which  are  en- 

foreaken,  only  at  the  peried  when  chemiits  were  thoroughly  convinced  of  this 
•ruth,  that  every  idea  is  obtained  through  the  medium  of  the  semei  and  that  no. 
thing  is  to  be  admitted  beyond  what  they  demonstrate  in  actual  experiment. 
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dowcd  with  life,  in  the  homogeneous  nature  of  their  substance,  in 
the  complete  independence  of  their  molecules,  each  of  which,  ac- 
cording to  the  observation  of  Kant,  has  in  itself  causes  to  account 
for  its  peculiar  mode  of  existence,  in  that  power  of  resisting  de- 
composition which  they  owe  to  the  simplicity  of  their  struct urc, 
and  in  the  absence  of  those  peculiar  powers  which  free  organic 
bodies  from  the  absolute  dominion  of  physical  laws.  The  multi- 
plicity, the  volatility  of  their  elements,  the  necessary  union  bf  flu- 
ids and  solids,  the  nutrition  and  developcment  from  the  diffusive 
combination,  while  the  growth  of  inanimate  bodies  takes  place 
from  the  mere  jaxta  position  of  particles,  the  origin  of  living  bo- 
dies in  generation,  their  destruction  in  death,  snch  aie  the  charac- 
ters which  distinguish  organized  beings  from  inorganized  substan- 
ces. We  are  about  to  enter  into  a  detail  of  those  characters, 
to  appreciate  all  their  differences,  for  knowledge  is  to  be  acqui- 
red only  by  comparison  ;  and  the  greater  our  accuracy  in  com- 
paring, the  more  precise  and  extensive  will  be  the  knowledge  we 
obtain.  Several  modern  authors  have  proved,  that  it  is  impossible 
to  obtain  an  accurate  idea  of  life,  except  by  comparing  those  bo- 
dies which  are  endowed  with  it,  with  those  in  which  life  has  never 
existed,  or  has  ceased  to  exist.  This  comparison,  I  hope,  will  be 
fruitful  in  interesting  results,  and  will  furnish  several  useful  con- 
siderations, immediately  applicable  to  the  knowledge  of  man. 

The  first  remarkable  difference  between  organized  and  inorga. 
nized  bodies,  is  to  be  found  in  the  homogeneousness  of  (he  latter, 
and  the  compound  nature  of  the  former.  Let  a  block  of  marble 
be  broken,  each  piece  will  be  perfectly  similar  to  thp  rest,  there 
will  be  no  differences  among  them,  but  such  as  relate  to  size  or 
shape.  Break  down  the  fragments,  each  grain  will  contain  par- 
ticles of  carbonate  of  lime,  which  will  be  throughout  the  same. 
On  the  other  hand,  the  division  of  a  vegetable  or  an  animal,  shew  s 
parts  heterogeneous  or  dissimilar.  In  different  parts  there  will 
be   found  muscles,   bones,   arteries,  blossoms,  leaves,  bark, 

pith,  &c. 

Organized  beings  cannot  live,  or  exist  in  their  natural  condition, 
unless  solids  and  liquids  enter  at  once  into  their  composition. 
The  co-existence  of  these  two  elements  is  necessary  ;  and  living 
bodies  always  contain  a  liquid  mass  more  er  less  considerable, 
and  incessantly  agitated  by  the  motion  of  the  solid  and  living 
parts.    It  is  iji  fact  impossible  to  conceive  life  existiug,  without  a 
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complicated  combination  of  solids  and  fluid*  ;  and  without  admit- 
ting  in  the  former,  the  faculty  of  being  affected  by  impressions 
from  the  latter,  and  the  power  of  acting  in  consequence  of  those 
impressions.  The  water  which  penetrates  into  mineral  substances, 
does  not  form  a  necessary  part  of  them,  and  one  cannot  ad- 
duce in  proof  of  the  existence  of  liquids  in  (hat  class  of  substances, 
the  water  of  crystallization,  though  intimately  combined,  and 
rendered  solid  in  the  crystallized  substances. 

These  inorganic  and  homogeneous  substances,  formed  of  par- 
ticles similar  to  one  another,  when  resolved  by  decomposition  into 
their  last  elements,  possess  a  great  simplicity  of  inward  nature. 
Among  them  are  ranked  all  the  substances  which  do  not  admit  of 
analysis  ;  the  mineral  compounds  are  often  binary,  as  the  greater 
part  of  saline  substances;  sometimes  they  are  ternary,  but  sel- 
dom quaternary  ;  while  the  most  simple  vegetable  contains  at  least 
three  constituent  principles,  oxygen,  hydrogen  and  carbon,  and 
no  being  possessed  of  life,  consists  of  less  than  four,  oxygen,  hy- 
drogen, carbon  and  azote.    In  the  degree  of  composition,  nature 
appears  therefore  to  rise  in  gradations,  from  the  mineral  to  the 
vi".-«table,  and  frem  the  latter  to  the  animal  kingdom.    The  com- 
plicated nature  of  the  latter,  the  multiplicity  of  their  elements  ac- 
count for  their  tendency  to  alteration.    Minerals  are  not  subject 
•to  change,  unless  they  are  acted  upon  by  external  causes.  En- 
dowed with  a  vis  inertias,  they  continue  in  one  condition  without 
change.    The  state  of  organized  bodies  is  incessantly  varying. 
Their  internal  parts  contain  an  active  laboratory,  in  which  a  num- 
ber of  instruments  are  constantly  transforming  into  their  own  sub- 
stance, nutritious  particles.    Besides  that  tendency  to  alteration 
in  living  animals  and  vegetables,  when  deprived  of  life,  they  be- 
come decomposed,  by  a  process  of  fermentation,  which  begins  in 
their  internal  parts,  and  by  which  their  nature  is  changed  in  pro- 
portion to  the  complication  of  their  structure,  and  the  greater 
number  and  volatility  of  their  constituent  principles. 

All  the  parts  of  a  living  body,  whether  of  an  animal  or  a  vege- 
table, have  a  natural  tendency  to  a  common  object,  the  preserva- 
tion of  the  individual  and  of  the  species  ;  each  of  the  organs, 
though  provided  for  a  peculiar  action,  concurs  in  this  object ;  and 
lif'  in  general,  or  life  properly  so  called,  is  the  result  of  that  se- 
ries of  concurring  and  harmonic  actions.  On  the  contrary,  each 
part  of  an  inorganic  mass,  is  independent  of  the  other  parts,  to 
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■which  it  is  united,  only  by  the  force  or  affinity  of  aggregation. 
When  such  a  part  is  separated  from  the  rest,  it  maintains  all  its 
characteristic  properties,  and  differs  only  by  its  size,  from  the 
mass  to  which  it  no  longer  belongs. 

Among  animals  and  vegetables,  all  the  individuals  of  the  same 
class,  appear  to  have  been  formed  after  'the  same  model  ;  tin  ii 
parts  are  equal  in  number,  and  resemble  each  other  in  colour  ; 
their  differences  are  slight  and  evanescent.  The  forms  peculiar  to 
organized  beings  are  therefore  invariably  determined,  and  when 
nature  departs  from  them,  she  never  does  so,  to  such  a  degree, 
as  in  the  shapes  of  minerals.  The  veins  of  mines  are  never  pre. 
cisely  alike,  as  the  leaves  of  vegetables  or  the  limbs  of  animals. 
Crystals  formed  from  similar  substances,  assume  very  different 
shapes  equally  distinct  and  precise.  Carbonate  of  lime,  for  ex- 
ample, assumes  according  to  circumstances  the  shape  of  a 
rhomboid,  that  of  a  six  sided  regular  prism,  that  of  a  solid,  termi- 
nated by  twelve  scaleni  triangles,  that  of  a  different  dodecahedron 
with  pentagonal  faces,  Sec.  as  may  be  seen  at  large  in  the  writ- 
ings of  Haiiy. 

A  powerful  inward  cause,  seems  to  arrange  the  constituent  parts 
of  animal  and  vegetable  bodies,  by  a  determinate  rule,  in  6uch  a 
manner  that  they  shall  present  a  surface,  more  or  less  completely 
rounded.  Minerals  often  take  their  form,  from  external  bodies, 
and  when  an  especial  force  assigns  it  to  them,  us  in  crystals, 
their  surfaces  are  flat  and  angular.  When  the  crystallization  is 
disturbed,  and  the  molecules  of  the  crystals  are  driven  tumultu- 
ously  together,  the  geometrical  form  is  impaired,  the  parts  are 
rounded,  which  would  have  been  terminated  by  angles,  if  a  slow 
and  tranquil  crystallization  had  allowed  of  regular  aggregation  : 
and  as  M.  Haiiy  has  remarked,  these  waving  outlines,  these  round- 
ings,  so  frequent  in  vegetables  and  plants,  where  they  belong  to 
beauty  of  form,  are,  in  minerals,  indication  of  defects.  True  beau- 
ty, in  these  beings,  is  characterized  by  the  straight  line,  and  it  is 
on  good  grounds  that  Rome  de  Lisle*  has  said  of  this  sort  of  line, 
that  it  seems  to  have  an  especial  determination  to  the  mineral 
kingdom. 

Amongst  all  the  characteristics  which  distinguish  the  two  great 
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divisions  of  natural  bodies,  the  most  absolute,  and  the  most  pal- 
pable, is  that  which  is  drawn  from  the  manner  of  growth  and  of 
nourishment.  Inorganic  bodies  grow  only  by  accretion,  that  is, 
bv  the  accession  of  new  layers  to  their  surface,  whilst  the  organic, 
in  virtue  of  its  vital  powers,  receives  into  intimate  combination, 
and  is  penetrated  aud  pervaded,  by  the  substance  it  assimilates  to 
Itself.  In  animals  and  plants,  nutrition  is  the  effect  of  an  internal 
mechanism  :  their  growth,  is  a  developement  from  within.  In 
minerals,  on  the  coutrary,  growth  cannot  claim  the  name  of  de- 
velopement: it  gqes  on  externally,  by  successive  addition  of  new 
layers  ;  it  is  the  same  being,  assuming  other  dimensions,  whilst  tho 
organic  body  is  renewed  in  its  growth. 

Living  bodies  spring  from  a  germ,  which  at  first,  was  part  of 
another  being,  from  which  it  detaches  itself,  for  the  sake  of  its 
own  developement  and  growth.  From  the  first,  they  are  already 
aggregates.  Inorganic  bodies  have  no  germ :  they  are  made  up 
of  distinct  parts  brought  together  ;  they  have  no  birth,  but  a  mul- 
titude of  molecules,  collecting  into  one,  compose  masses  of  various 
bulk  and  figure. 

Organized  bodies  alone  can  die  ;  all  have  a  duration,  determi- 
ned by  their  own  nature;  and  this  duration  is  not  like  that  of 
minerals,  proportioned  to  the  bulk  and  density :  for,  if  man  has 
not  the  life  of  the  oak,  whose  substance  much  exceeds  his  in  den- 
sity, neither  does  he  equal  the  life  of  many  animals,  such  as  fishes, 
whose  flesh  is  of  inferior  consistence  to  his  own  :  and  he  lives 
longer  than  the  large  quadrupeds,  though  his  bulk  is  less. 

Finally,  inorganic  are  essentially  distinguished  from  organic  bo- 
dies, by  the  want  of  these  peculiar  powers  or  properties  of  living 
nature  ;  powers,  which  uphold  the  equilibrium  of  the  whole  system 
of  nature,  as  I  shall  explain  more  at  large,  when  I  have  considered 
the  differences  that  mark  the  two  divisions  of  the  organic  king- 
dom, vegetables  and  animals. 

§  IV.  DIFFERENCES  BETWEEN  VEGETABLES 
AND  ANIMALS. 
These  are  much  fewer,  less  absolute,  and  therefore  more  difli- 
«ult  to  establish.  There  is,  in  fact,  very  little  difference  between 
a  zoophyte,  and  a  plant,  and  there  is  a  much  wider  distance  in 
their  internal  ouconomy,  between  man,  who  stands  at  the  height  of 
the  animal  scale,  and  the  polypus  on  its  lowest  line,  than  between 
the  polypus  and  a  plant.    There  lies  between  organized  and  iuor- 
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game  bodies,  a  space,  which  is  not  to  be  filled  up  by  figured  stones, 
nor  by  lithophytes,  nor  by  crystal?,  in  which  some  naturalists 
have  thought,  they  saw  a  beginning  of  organization.  Whilst,  at 
the  extremity  of  the  animal  chain,  are  found  beings,  fixed,  lilt* 
plants,  on  the  spot  of  their  birth,  sensitive  and  contractile,  like 
the  sensitive  and  some  other  plants,  and  reproduced  like  them 
from  slips.  Yet  we  are  able  to  state  some  differences,  sufficiently 
marked,  to  assign  to  the  vegetable  kind,  a  character  of  their  own, 
which  will  not  suit  the  individuals  of  either  of  the  other  king, 
domr,. 

Their  nature,  more  complex  than  that  of  minerals,  is  lesi  so 
than  that  of  animals :  the  proportion  of  the  solids  to  the  liquids, 
is  greater  than  in  these  last :  accordingly  they  retain,  long  after 
death,  their  form  and  bulk,  only  that  they  grow  lighter.  The  so- 
lids are.  in  man,  nearly  a  sixth  of  the  whole  body  :  his  carcase, 
decomposed  by  putrefaction,  remains  a  little  earth,  and  a  light 
skeleton,  when  the  ground  and  the  air  have  drawn  from  it  all  its 
juices.  A  tree,  on  the  contrary,  is  more  than  three  parts  of  its 
lubstance,  solid  wood.  It  has  been  dead  for  ages,  and  yet,  in 
our  buildings,  it  preserves  its  form  and  size,  though  by  drying,  it 
has  lost  a  little  of  its  weight. 

Their  constituent  principles,  as  they  are  less  in  number,  are  also 
less  diffusible.  In  fact,  azote,  which  is  predominant  in  animal  sub- 
stances, is  a  gaseous,  and  volatile  principle,  whilst  carbon,  the 
base  of  vegetable  substance,  is  fixed  and  solid.  This  circumstance, 
added  to  the  smaller  quantity  of  their  liquids,  explains  the  long 
duration  after  death,  of  vegetable  substances. 

But  of  all  the  characteristics  which  have  been  employed  in  esta- 
blishing the  limits  of  animal  and  vegetable  nature,  there  is  one 
quite  sufficient  to  distinguish  these  two  great  classes  of  beings, 
but  which  has  not  yet  been  allowed  the  weight  it  deserves. 

The  zoophyte,  who,  fixed  in  his  rocky  habitation,  cannot  change 
his  place,  confined  to  partial  movements,  which  certain  plants  are 
poisessed  of,  who  besides,  has  not  that  sensitive  unity,  so  remarkable 
in  man,  and  in  the  animals,  who  nearest  resemble  him  in  their  or- 
ganization; the  zoophyte,  whose  name  indicates  an  animal-plant, 
is  totally  separated  from  all  beings  of  the  vegetable  kingdom,  by 
the  existence  of  a  cavity,  in  which  alimentary  digestion  is  carried 
on,  a  cavity  by  the  surface  of  which  is  an  absorption,  an  imbibi- 
tion, far  more  active  than  that  which  takes  place  by  the  external 
surface  of  the  body.    From  this  shapeless  animal,  up  to  man, 
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nutrition  is  effected  by  two  surfaces,  and  especially  the  internal, 
whilst  iii  the  plant,  nutrition,  or  rather  the  absorption  of  nutritive 
principles,  is  only  by  the  external  surface. 

Every  animal  may  be  considered,  in  extreme  abstraction,  as 
a  nutritive  tube,  open  at  the  extremities*  ;  the  whole  existence  of 
the  poh  pus  seems  reduced  to  the  act  of  nutrition,  as  its  whole  sub- 
stance is  employed  in  the  formation  of  an  alimentary  tube,  of 
which  the  soft  parietes,  extremely  sensible  and  contractile,  are 
busied  in  appropriating  to  themselves,  by  a  sort  of  absorption,  the 
substances  which  are  brought  into  it.  From  the  worm  up  to  man, 
the  alimentary  canal  is  a  long  tube,  open  at  the  extremities ;  at 
first,  only  of  the  length  of  the  body  of  the  animal,  not  bent  at  all 
in  passing  from  the  head  to  the  tail,  and  carried  on  towards  the 
mouth,  and  towards  the  anus,  with  the  external  covering  of  the 
body,  butsoon  returning  upon  itself,  and  stretching  out  into  length, 
far  beyond  that  of  the  body  which  contains  it. 

It  is  in  the  thickness  of  the  parietes  of  this  animated  tube,  be- 
twixt the  mucous  membraue  that  lines  it  inwardly,  and  the  skin 
with  which  this  membraue  is  continuous,  that  all  (he  organs  are  pla- 
ced, which  serve  for  the  transmission  and  elaboration  of  fluids,  to- 
gether with  the  nerves,  the  muscles,  in  short,  all  that  serves  for 
the  carrying  on  of  life.  As  we  rise,  from  the  white-blooded  ani- 
mals, to  the  red- and  cold-blooded,  from  these  to  the  warm-blood- 
ed, and  from  these  to  man,  we  see  a  progressive  multiplication  of 
the  organs  that  are  contained  within  the  thickness  of  the  parietes 
of  the  canal  r— If  we  follow,  on  the  other  hand,  the  descending 
scale,  we  see  this  structure  gradually  simplified,  till  we  arrive  at 
last  at  the  polypus,  and  find  in  it  only  the  essential  part  of  animal 
existence.  The  simplicity  of  its  organization  is  such,  that  it  may 
be  turned  inside  out,  and  the  external  be  made  the  internal  sur- 
face ;  the  phenomena  of  nutrition,  which  are  the  whole  life  of  the 
animal,  go  on,  from  the  close  analogy  between  the  two  surfaces  - 
unlike  to  man  and  the  greater  part  of  animals,  in  whom  the  skirl 
and  the  mucous  membranes,  though  growing  into  each  other 
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•  Lactpide,  Histoire  Naturelle  des  Poisson«,  torn.  1.  There  ma"y\be  brought. 
aga-<nst  rhis  principle,  the  instance  of  some  zoo.  hylrs,  such  as  spiinsrcs,  \  ■ 
bat  do  t'.e«e  bodies  really  belong  to  the  animal  longilom  ?  and  should  cot  we 
be  warranted  in  rejecting  them,  bv  the  want  of  the  alimentary  cavity,  the 
e»!tntial  characteristic  of  animal  existence  ? 
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(hough  linked  by  close  sympathies,  are  far  from  possessing  a  com 
plete  analogy  of  structure,  or  a  capacity  for  the  interchange  o 
functions. 

Man,  then,  and  the  whole  animal  kind  carry  about  within  them, 
selves,  the  supply  of  their  subsistence;  and  absorption,  by  an  in- 
ward surface,  is  their  distinguishing  characteristic.  It  is  inaccu- 
rate to  ascribe  to  lioerhaave  the  comparison  of  the  digestive  sys- 
tem of  animals,  to  the  soil  in  which  plants  suck  up  the  juices  that 
feed  them,  and  the  chylous  vessels,  to  real  internal  roots.  I  find 
the  same  thought  well  expressed  in  the  woik  on  humours,  which, 
justly  or  falsely,  bears  the  name  of  Hippocrates.  Quemadmodum 
terra  arboribus,  ita  animalibus  ventriculus. 

The  digestife  tube,  that  essential  part  of  every  animal,  is  the 
part  of  which  the  existence  a?d  action  are  the   most  inde- 
pendent of  the  concurrence  of  the  other  organs,  and  to  which  the 
properties  of  life  seem  to  adhere,  if  one  may  say  so,  with  most 
force.    Haller,*  who  has  made  so  many  and  such  interesting  en- 
quiries into  the  contractile  power  of  the  muscular  organs,  examin- 
ing them  under  the  two-fold  relation  of  their  irritability,  as  it  is  more 
or  less  lively,  or  more  or  less  lasting,  looks  on  the  heart,  as  the  one 
in  which  these  two  conditions  are  found  in  the  highest  combi- 
nation.   He  gives  the  second  place  to  the  intestines,  the  stomach, 
the  bladder,  the  uterus,  and  the  diaphragm,  and,  after  these,  all 
the  miiscle3  under  the  command  of  the  will.    I  had  at  first  admit- 
ted, with  every  other  writer,  this  classification  of  the  contractile 
parts ;  but  more  than  a  hundred  experiments  on  living  animals 
have  satisfied  me,  that  the  intestines  are  always  the  last  part  in 
which  the  traces  of  life  may  be  discovered.    Whatever  may  be 
the  sort  of  death  by  which  they  Me  destroyed,  peristaltic  motions, 
undulations,  are  still  continued  in  this  canal,  while  the  heart  has 
already  ceased  to  beat,  and  the  rest  of  the  body  is  all  an  inanimate 
mass.    M.  Jurine  hud  already  observed  on  the  pulex  monoculns, 
that,  of  all  the  parts  of  the  body  of  this  little  white-blooded  animal, 
the  intestines  were  the  last  to  die. 

If  the  intestinal  tube  be  the  ullimum  morions,  if  it  be  the  last 
organ  in  which  life  lingers  and  goes  out,  it  is  to  it  we  ought  to  di- 
rect, in  preference,  the  stimulants  that  are  capable  of  recalling  it  in 
case  of  asphyxia.  I  think  that,  after  the  blowing  of  pure  air  into  the 
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1  ungs,  (he  means  that  ought  next  to  be  attended  to,  is  the  injection 
of  acrid  and  irritating  clysters,  thrown  in  with  force.  The  large 
intt-stines  are  connected  with  the  diaphragm  by  a  close  sympathy, 
as  is  pro\ed  by  the  phenomena  of  fecal  evacuation  :  the  irritation 
of  them  is  the  surest  means  of  accelerating  it  J  and  this  irritation 
is  the  easier,  as  the  alimentary  canal  is  the  last  part  that  is  for- 
saken by  life. 

*.~~th  §  V.    OF  LIFE.  v  ,  fe  .o 

After  having  thus  laid  down,  between  inorganic  bodies  and 
organized  living  beings,  and  again  between  animal  and  vegetable 
nature,  a  line  of  demarcation  that  cannot  be  mistaken,  let  us 
endeavour  to  exalt  ourselves  to  the  conception  of  Life  ;  and,  for 
accuracy  of  thought,  let  us,  in  some  sort,  analyse  it,  by  studying 
it  in  all  the  beings  of  nature  that  are  endowed  with  it.  In  this 
study,  of  which  I  may  be  allowed  to  state,  in  advance,  the  results, 
we  shall  see  life  composed  at  first  of  a  small  number  of  pheno- 
mena, simple  as  the  apparatus  to  which  it  is  given  in  charge  ;  but 
soon  extending  itself  as  its  organs  or  instruments  are  multiplied, 
and  as  the  whole  organic  machines  become  more  complex;  the 
properties  which  characterize  it  and  bear  witness  of  its  presence, 
at  first  obscure,  becoming  more  and  more  manifest,  encreasing  in 
number  as  in  devclopement  and  energy;  the  field  of  existence 
enlarging,  as  from  the  lower  beings  we  re-ascend  to  man,  who,  of 
all,  is  the  most  perfect :  and  observe,  that  by  this  term  of  per- 
fection, it  is  simply  meant  that  the  living  beings  to  which  we- 
apply  it,  possessed  of  more  means,  present  also  more  numerous 
results  and  multiply  the  acts  of  their  existence ;  for  in  this 
wonderful  order  of  the  universe,  every  being  is  perfect  in  itself, 
each  being  is  constructed  most  favourably  for  the  purpose  it  is  to 
fulfil  ;and  all  is  equally  admirable,  in  living  and  animated  nature, 
from  the  lowest  vegetation  to  the  sublimity  of  thought. 

What  does  this  plant  present  to  ui»  that  springs  up,  and  grows, 
and  dies  every  year?  A  being  whose  existence  is  limited  to  the 
phenomena  of  nutrition  and  reproduction  ;  a  machine  constructed 
of  a  multitude  of  vessels,  straight  or  winding,  capillary  tubes, 
through  which  the  sap  is  filtrated  and  other  juices  necessary  to 
vegetation  ;  these  vegetable  liquors  ascend,  generally,  from  the 
roots,  where  their  materials  are  taken  in,  to  the  summit,  wher* 
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what  remains  from  nutrition  is  evaporated  by  the  leaves,  and  what 
the  plant  could  not  assimilate  to  itself  is  thrown  oft' in  transudation. 
Two  properties  direct  the  action  of  this  small  number  of  functions : 
a  latent  an;!  faint  sensibility,  in  virtue  of  which,  each  vessel, 
every  part  of  tin- plant,  is  affected  in  its  own  way  by  the  fluids 
■with  which  it  is  iu  contact:  a  contractility  as  little  apparent, 
though  tin'  lesulls  prove  iriefragably  its  existence;  a  contractility, 
in  virtue  of  which,  the  vessels,  sensible  to  the  impression  of  liquids, 
closo  or  dilate  themselves,  to  effect  their  transmission  and  elabora- 
tion. The  organs  allotted  to  reproduction,  animate,  for  a  moment, 
this  exhibition:  more  sensible,  moie  irritable,  they  are  visibly  in 
action  ;  t  e  stamina,  or  male  organs,  bow  themselves  over  the 
female  organ,  the  pistil,  shake  on  the  stigma  their  fertilizing  dust, 
then  straighten,  retire  from  it,  and  die  with  the  flower,  which  is 
succeeded  by  the  seed  or  fruit. 

This  plant,  divided  into  many  parts,  which  are  set  in  the  earth 
with  suitable  precautions,  is  reproduced  and  multiplied  by  slips, 
which  proves  that  these  parts  are  little  enough  dependent  on  each 
other;  that  each  of  them  contains  the  set  of  organs  necessary  to 
life,  and  can  exist  alone.  The  different  paits  of  a  plant  can  live 
separately,  because  life,  its  simpler  cgans  and  properties  are 
diffused  more  equably,  more  uniformly,  than  in  animals  like  man, 
and  its  phenomena  are  connected  in  a  less  strict  and  absolute 
dependance.  1  mys'  If  have  witnessed  a  very  curious  fact,  which 
confirms  >\  hat  I  have  said.*    A  vine,  trained  against  the  eastern 

*  Vegetable  life  compared  in  its  menus  and  in  its  results,  to  the  life  of 
animals,  would  throw  tiie  greatest  light  on  many  phenomena  which  it  i*  still 
difficult  for  us  to  conceive  and  to  explain.  The  treatment  of  disease  in  plants, 
fir  wii'.cli  as  modt  would  be  (.'lined  by  these  enquiries,  is  .almost  entirely 
surgical.  When,  to  make  vegetation  more  fruitful,  the  gardener  prunes  a 
luxmi  ,nt  branch;  vvh?n  the  peasants  of  the  Cevennes,  as  M.  Chaptal  has 
observed,  burn  the  inside  of  their  chesimt  trees  to  stop  the  progress  of  a  destruc- 
tive c.irits;  yvhen  the  actual  cautery  is  applied  to  the  really  ichorous  and  foul 
ulcers  of  many  trees,  &c.  it  is  to  th^  organs  of  inward  life,  (or  that  which  carries 
on  ihf.  process  of  assimilation,)  the  only  life  of  vegetables,  that  surgery  is 
epplied  ;  while,  on  the  contrary,  in  man  and  animals,  it  is  to  the  derangement 
of  the  external  organs  that  the  remedy  is  directed.  I  shall  conclude  this  note 
with  an  observation  on  the  wounds  of  plants.  Like  those  of  the  human  body, 
they  are  much  less  dangerous  when  their  surface  is  smooth,  than  when  their 
edg<s  are  hacked,  torn,  or  bruised.  Trees  Felled  with  the  saw,  will  hardly 
shoot  up  from  the  stool,  which  ahvajs  furnishes  a  better  growth  when  an  axe  hps 
hren  employed.    The  saw  L.ceratcs  the  vegetable  texture,  Btld  its  violent  and 
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wall  of  a  forge,  shot  into  the  building  a  few  branches.  These 
branches,  which  entered  by  strait  enough  passages,  were  cover- 
ed wi'h  leaves  in  the  middle  of  the  hardest  winters  ;  and  this  pre- 
mature  but  partial  vegetation  went  through  all  its  periods,  and 
was  already  in  tlower,  when  the  part  that  remained  without,  waa 
beginning  to  bud  with  the  spring. 

If  we  pass  from  the  plant  to  the  polypus,  which  forms  the  last 
link  of  the  animal  chain,  we  find  a  tube  of  soft  substance,  sensi- 
ble and  contractile  in  all  its  parts,  a  life  and  an  organization  at 
least  as  simple  as  that  of  the  plant.  The  vessels  which  carry  the 
liquids,  the  coutractile  fibres,  the  trachece,  which  give  access  to  the 
atmospheric  air,  are  no  longer  distinctly  to  be  traced  in  this  al- 
most homogeneous  substance.  There  is  no  organ  especially 
allotted  to  the  reproduction  of  the  kiud.  Moisture  oozes  from  the 
internal  surface  of  the  tube,  softens  and  digests  the  aliments 
which  it  finds  there;  the  whole  mass  draws  in  nourishment  from 
it;  the  tube  then  spontaneously  contracts,  and  rasis  out  the 
residue  of  digestion.  The  mutual  independence  of  parts  is  abso- 
lute and  perfect:  cut  the  creature  into  many  pieces,  it  is  repro- 
duced in  every  piece;  for  each  becomes  a  new  polypus,  organized 
and  living,  like  that  to  which  it  originally  belonged.  These 
gemmiparous  animals  enjoy,  in  a  higher  degree  than  plants,  the 
faculties  of  feeling  and  of  self-motion;  th<  ir  substance  dilates  and 
lengthens,  and  contracts,  according  to  the  impressions  they 
receire.  Nevertheless,  these  spontaneous  movements  do  not  sup- 
pose, any  more  than  those  of  the  mimosa,  the  existence  of  re- 
(lexion  and  will:  like  those  of  a  muscle  detached  from  the  thigh 
of  a  frog  and  exposed  to  galvanic  excitation,  they  spring  from  an 
impression  which  does  not  extend  beyond  the  part  that  feels  it, 
and  in  which  sensibility  and  contractility  are  blended  and  lost  in 
each  other. 

From  this  first  degree  of  the  animal  scale,  let  us  now  ascend  to 
worms.  We  have  no  longer  a  mere  animated  pulp  shaped  into 
an  alimentary  tube;  parcels  of  contractile  or  muscular  fibres,  a 
vessel  divided  by  several  constrictions  into  a  series  of  vesicles, 

rfUtrrssing  action  on  the  fibres,  extending  towards  the  roots,  affects,  more  or  less, 
the  organization.  The  uneven  surface  of  a  tree  felled  in  this  manner,  holds  wet, 
at  injurious  to  the  trunk,  which  it  rots,  as  a  too  great  quantity  of  pus,  which 
Vathej  constantly  the  surface  of  a  wound,  checks  the  process  of  granulation,  and 
r<r»iits  cicatrization. 
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which  empty  themselves  one  into  another,  by  a  movement  of  <oiu 
traction  that  begins  from  the  head,  or  the  entrance  of  the  alimen- 
tary canal,  and  proceeds  towards  the  tail,  which  answers  to  the 
anus,  a  vessel,  from  which,  in  all  probability,  are  sent  put  lateral 
ramifications,  a  spinal  marrow  equally  knotted,  or  composed  of  a 
chain  of  ganglions,  stigmas,  and  trachea;,  analogous  to  (lie  respira- 
tory organs  of  plants,  and  in  some,  even  gills:  all  shews  clearly 
an  organization  further  advanced  and  more  perfect;  sensibility 
and  contractility  are  more  distinct ;  the  motions  are  no  longer 
absolutely  automatic  ;  there  are  gome  which  seem  to  suppose 
choice.  The  worm  too,  may  be  divided  into  many  pieces ;  each 
will  become  a  separate  and  perfect  worm,  ahead  aud  tail  growing 
to  each;  but  this  division  has  its  term,  beyond  which  there  is  no 
longer  complete  regeneration.  It  cannot,  therefore,  be  pushed 
so  far  as  in  the  polypi.  The  substance  of  the  worm  being  formed 
of  elements  more  dissimilar,  it  may  be  that  too  small  a  portion 
does  not  contain  all  that  is  necessary  to  constitute  the  animal. 

The  crustaceous  tribes,  and  among  them  the  lobster,  discovers 
a  more  complex  apparatus  of  organization.  Here  you  will  find 
distinct  muscles,  an  external  articulated  skeleton,  of  which  the 
separate  parts  are  moveable  upon  each  other,  distinct  nerves,  a 
spinal  marrow  with  bulgings,  but,  above  all,  a  brain  and  a  heart. 
These  two  organs,  though  imperfect,  assign  the  animal  to  an 
order  much  above  that  of  worms.  The  fu  st  becomes  the  seat  of 
a  sort  of  intelligence:  and  the  lobster  acts  evidently  under  im- 
pulses of  will,  when,  attracted  by  a  smell,  it  pursues  a  distant 
prey,  or  when  it  flies  a  danger  discovered  to  it  by  its  eyes.  There 
are  viscera  accompanying  the  intestinal  tube,  which  give  out  to  it 
liquids  that  concur  in  alimentary  digestion.  Sensibility  and  con- 
tractility present  each  two  shades  :  in  fact,  the  parts  of  the  animal 
are  obedient  to  the  internal  stimuli,  feel  the  impression  of  fluids, 
and  contract  to  impel  them;  on  the  other  hand,  by  its  nerves  and 
locomotive,  muscles,  the  lobster  places  itself  in  connexion  with  the 
objects  that  surround  it.  The  phenomena  of  life  are  linked 
together  by  a  strict  necessity  :  it  is  no  longer  possible  to  separate 
the  creature  into  two  parts,  of  which  each  may  continue  to  live; 
there  are  but  few  parts  you  may  cut  off  without  injury,  while  you 
spare  the  central  foci  of  life.  So,  if}'ou  take  off  a  claw,  you  ob- 
serve soon  a  little  granulation,  which  swells  and  is  developed,  and 
which,  soft  at  first,  is  soon  clothed  in  a  calcareous  covering,  like 
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that  whic,h  encloses  the  rest  of  its  body.  This  partial  regenera- 
tion is  frequently  to  be  seen. 

If  from  white-blooded  animate  we  go  on  to  the  red-  and  cold- 
blooded, such  as  fishes  and  reptiles,  we  see  this  power  of  repro- 
duction becoming  more  and  more  limited,  and  life  more  involved 
in  organization.  In  fact,  if  you  cut  off  a  part  of  the  body  of  a 
iish,  the  tail  of  a  serpent,  or  the  foot  of  a  frog,  the  separated  parts 
areeither  not  supplied  at  all,  or  very  imperfectly  reproduced. 
All  thet-e  creatures  maintain,  with  the  medium  in  which  they  live, 
relations  of  more  strict  dependence.  Gills  in  these,  lungs  in 
others,  are  added  to  a  heart,  nor  are  less  essential  to  life.  How- 
ever, the  action  of  these  chief  organs  is  not  so  frequent,  nor  of 
Momentary  necessity  for  the  continuance  of  life.  The  serpent 
passes  long  winters,  torpid  with  cold,  in  holes  where  ho  has  no  air, 
without  breathing,  without  any  motion  of  life,  and  in  all  appear- 
ance dead.  These  creatures,  like  all  reptiles,  are  able  to  breathe 
only  at  long  intervals,  and  to  suspend,  for  a  time,  the  admission 
of  air,  without  risking  their  existence.  Here  the  vital  powers  are 
distinct  and  strong,  and  differ  from  those  of  the  more  perfect 
animals  and  of  man,  by  very  slight  shades:  the  heart  and  the  ves- 
sels of  the  fish  feel  and  act  within  him,  without  his  consciousness. 
Further,  he  has  senses,  nerves,  and  a  brain,  from  which  he  has 
intimation  of  whatever  can  affect  him  ;  muscles  and  hard  parts,  by" 
the  action  of  which  he  moves,  and  changes  his  place,  adapting 
himself  to  the  relations  that  subsist  between  the  substances  around 
him  and  his  own  peculiar  mode  of  existence. 

We  are  come,  at  last,  to  the  red-  and  warm-blooded  animals,' 
at  the  head  of  which  are  the  mamniiferae  and  man.  They  are  en- 
tirely al.ke,  save  some  slight  differences  in  the  less  essential  organs. 
There  is  none  that  has  not  the  vertebral  column,  four  limbs,  a 
brain  which  fills,  exactly,  the  cavity  of  the  skull,  a  spinal  marrow, 
nerves  of  two  sorts,  five  senses,  muscles,  partly  obedient  to  the 
will,  partly  independent  in  their  action  :  add  to  these,  a  long 
digestive  tube  coiled  upon  itself,  furnished  at  its  mouth  with  agejvts 
of  siliva  and  mastication  ;  vessels  and  lymphatic  glands,  arteries 
and  tciih,  a  heart  with  two  auricles,  and  two  ventricles,  lobular 
lun^s,  which  mu9t  act  incessantly  in  impregnating  the  blood,  thar. 
passes  through  thr-in,  with  the  vital  pas  t  of  the  atmosphere,  which, 
if  it  fail,  life  is  suspended,  01  gone.  None  of  their  organs  live  but 
while  t'.:ey  partake  in  the general  action  of  lue  system,  and  while  t)e.-y 
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arc  under  the  influence  of  the  heart.  All  die,  irrecoverably,  whwrs 
they  are  parted  from  the  body  of  the  animal,  and  are  in  no  way 
replaced  ;  whatever  some  physiologists  mny  have  said  on  pretend- 
ed regeneration  of  the  nerves,  and  some  other  parts. 

Every  thing  that  is  important  to  life,  is  to  be  found  in  these 
animals;  and  as  the  most  essential  organs  are  within,  and  conceal- 
ed in  deep  cavities,  a  celebrated  naturalist  was  correct  in  saying, 
that  all  animals  are  essentially  the  same,  and  that  their  differences 
are  in  their  external  parts,  ;wid  chiefly  to  be  observed  In  their 
coverings  and  in  their  extremities. 

The  human  body,  consisting  of  a  collection  of  liquids  and  solids, 
contains  of  the  former,  about  five-sixths  of  its  weight.  This  pro- 
portion of  the  liquids  to  the  solids  may,  at  first  sight,  appear  to 
you  beyond  the  truth  :  but  consider  the  excessive  decrease  of  size? 
of  a  dried  limb  :  the  glutaeus  maximus,  for  example,  becomes, 
by  drying,  no  thicker  than  a  sheet  of  paper.  The  liquids,  which 
constitute  the  greatest  weight  of  the  body,  exist  before  the  solids  : 
for,  the  embryo  which  is  at  first  in  a  gelatinous  state,  may  be  con. 
sidered  as  fluid;  besides,  it  is  from  a  liquid  that  all  the  organs 
receive  their  nourishment  and  repair  their  waste.  The  solids, 
formed  from  the  liquids,  return  to  their  former  state,  when,  having 
for  a  suilicient  length  of  time,  formed  a  part  of  the  animal,  they 
become  decomposed  by  the  nutritive  process.  Even  from  this 
slight  view  of  the  subject,  fluidity  is  seen  to  be  essential  to  living 
matter,  since  the  solids  are  uniformly  formed  from  the  fluids,  and 
eventually  return  to  their  former  state.  Solidity  is  then  only  a 
transient  condition  and  an  accidental  state  of  organized  and  thing 
Clatter,  and  this  circumstance  affords  to  the  humoral  pathologists 
ample  opportunities  of  embarrassing  their  opponents  with  many 
objections,  not  easily  answered.  Water  forms  the  principal  part 
and  the  common  vehicle  of  all  the  animal  fluids,  it  contains  saliuo 
substances  in  a  state  of  solution,  and  even  animal  matter  itself  is 
found  in  it  fluid,  and  that  in  three  different  conditions,  under  the 
form  of  gelatine,  of  albumine,  or  Jibrine.  The  first  of  these 
substances,  solidified,  forms  the  basis  of  all  the  organs  of  a  white 
colour,  to  which  the  ancients  gave  the  name  of  spermatic  organs, 
such  as  the  tendons,  the  aponeurosis,  the  cellular  tissue,  and  the 
membranes.  Albumine  exists  in  abundance  in  almost  all  the 
humours  ;  the  fibrine  of  the  blood  is  the  cement  which  is  employed 
In  repairing  the  waste  of  a  system  of  organs,  which,  in  point  p{ 
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bulk,  hold  the  first  rank  among  the  constituent  parts  of  the 
human  body — I  mean  the  muscular  system.  The  chemists  sus- 
pect, and  not  without  reason,  that  the  animal  matter  passes  suc- 
cessively through  the  different  states  of  gelatine,  albumine  and 
fibrihe;  that  these  different  changes  depend  on  the  progressive 
animalization  of  the  animal  matter,  which,  at  first  gelatinous,  a 
hydro-carbonoui  oxyde,  containing  no  azote,  and  acidifiable  by 
fermentation,  becomes  more  closely  combined  with  oxygen,  takes 
up  azote,  so  as  to  become  albumen,  subject  to  putrefaction,  and 
finally  fibrine,  by  a  super-addition  of  the  same  principles. 

The  solid  parts  are  formed  into  different  systems,  to  each  of 
which  is  intrusted  the  exercise  of  a  function  of  a  certain  degree 
of  importance.  Limiting  the  term  organic  apparatus,  or  system, 
to  a  combination  of  parts  which  concur  in  the  same  uses,  we 
reckon  ten,  viz. — the  digestive  apparatus,  consisting  essentially 
of  the  canal  which  extends  from  the  mouth  to  the  anus  ;  the 
absorbent,  or  lymphatic  system,  which  is  formed  of  the  vessels  or 
glands  of  that  name;  the  circulatory  system,  which  consists  of  an 
union  of  the  heart,  the  veins,  the  arteries  aud  the  capillary  ves- 
sels :  the  respirator]/,  or  pulmonary  system;  the  glandular,  or 
secretory  system  ;  the  sensitive  system,  including  the  organs  of 
sense,  the  brain  and  spinal  marrow;  the  muscular  system,  or  that 
of  motion,  includiug  not  only  the  muscles,  but  their  tendons  and 
aponeuroses  ;•  the  osseous  system,  including  the  appendages  of 
the  bones,  the  cartilages,  the  ligaments  and  the  synovial  capsules; 
the  vocal  system,  and  the  sexual,  or  generative  system,  different 
in  the  two  sexes.  Each  of  these  organic  systems  contains  in  its 
structure  several  simple  tissues,  "or  similar  parts,"  as  the  ancients 
called  them; — these  tissues  in  man,  maybe  enumerated  as  fol- 
lows: cellular  tissue,  nervous  tissue,  muscular  tissue,  besides  that 
h0my  substance  which  constitutes  the  basis  of  the  epidermis,  the 
nails  and  the  hair1. 

These  four  substances  may  be  considered  as  real  organic 
(dements,  since  with  our  means  of  analysis,  Mre  never  cart  succeed 
in  converting  any  one  of  these  substances  into  another.  The 
cerebral  pulp  is  not  convertible  into  a  horny  substance,  into 
cellular  substance,  or  into  muscular  fibr*,  neither  can  any  one  of 
these  tissues  ever  be  converted  into  cerebral  pulp.  The  bones, 
the  cartilages,  the  ligaments,  the  tendons,  the  aponeuroses,  may, 
by  long  maceration,  be  decomposed  into  cellular  substance'. 
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Muscular  fibres  arc  not  subject  to  that  alteration,  nor  is  thfc 
nervous  or  cerebral  pulp;  the  horny  substance  also  resists  that 
ohaige.  Every  thing,  therefore,  leads  us  to  acknowledge  these 
four  constituent  principles  in  our  organs. 

The  primitive  or  simple  tissues,  variously  modified,  and  com- 
bined in  different  quantities,  and  in  various  proportions,  con- 
stitute the  substance  of  our  organs.  Their  number  is  much  more 
considerable,  according  to  Bichat,  whose  happiest  conception  was 
this  analysis  of  the  human  organization.  This  physiologist  reck- 
oned iu  the  human  (economy,  no.  fewer  than  twenty-one  general 
or  generating  tissues.  But  it  is  evident,  that  this  analysis  is  car- 
ried too  far;  that  the  tissues  of  which  the  skin  and  the  hair  am 
formed,  are  exactly  of  the  same  nature,  are  analogous  in  their 
properties,  and  are  nourished  in  a  similar  manner  ;  that  the  cel- 
lular tissue  is  the  comnlon  basis  of  the  osseous,  cartilaginous 
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mucous,  serous,  synovial,  dermoid,  &c. 

It  must  be  confessed,  that  this  separate  consideration  of  each 
organic  tissue  has  furnished  him  with  new  ideas,  ingenious  analo- 
gies and  useful  result;;,  and  that  his  "  Anatomic  generale,"  in 
•which  those  researches  are  contained,  is  his  chief  title  to  glory. 
That  glory  would  be  complete,  if  in  that  book,  and  yet  more,  in 
his  other  works,  he  had  done  his  predecessors,  as  well  as  his  con- 
temporaries, the  justice  they  had  a  right  to  expect  from  him. 

The  simple,  or  elementary  fibre,  about  which  so  much  has  been 
written,  may  be  considered  as  the  philosopher's  stone  of  physiolo- 
gists. Jn  vain,  has  Haller  himself,  in  his  pursuit  of  his  chimera, 
told  us,  that  the  elementary  fibre  is  to  the  physiologist  what  the 
line  is  to  the  geometer,  and,  that  as  all  figures  are  formed  from 
the  latter,  so  are  all  the  tissues  formed  from  this  fibre;  Fibra 
cniin  physiologo  id  est  quod  lima  geometrce,  cx  qua  nempe  Jigarce 
omnes  oriuntur.  The  mathematical  line  is  imaginary, .and  a 
mere  abstraction  of  the  mind,  while  the  elementary  fibre  is  allow- 
ed a  material  or  physical  existence.  Nothing,  therefore,  can 
make  us  admit  the  existence  of  a  simple,  elementary,  or  primitive 
fibre,  since  our  senses  shew  us,  in  the  human  organization,  four 
very  distinct  materials. 

Among  the  organs,  whether  single  or  combined  in  systems, 
which  enter  into  the  human  organization,  there  are  some  whose 
action  is  so  essential  to  life,  that,  with  the  cessation  of  that  action, 
life  at  once  becomes  extinct.    These  primary  systems,  whose 
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action  regulates  th.il  of  all  secondary  systems,  arc  as  numerous  in 
man  as  in  the  other  warm-blooded  animals.  None'  of  them  can  act, 
unless  the  heart  sends  into  the  brain  a  certain  quantity  of  blood, 
vivified  by  the  contact  of  atmospherical  air  in  the  pulmonary 
tissue.  Every  serious  wound  of  the  brain  or  heart,  every  lasting 
interruption  to  the  access  of  blood  into  the  former  of  these  organs, 
is  invariably  attended  with  death.  The  oxydation  of  the  blood, 
and  its  distribution  into  all  the  organs,  is  consequently  the  princi- 
pal phenomenon,  on  which  the  life  of  man  and  of  the  most  perfect 
beings  depend. 

|  VI.    OF  THE  VITAL  PROPERTIES;  SENSIBILITY 
AND  CONTRACTILITY. 

By  sensibility  is  meant  that  faculty  of  living  organs,  which 
renders  them  capable  of  receiving  from  the  contact  of  other 
bodies,  an  impression  stronger,  or  fainter,  that  alters  the  order  of 
their  motions,  increases  or  diminishes  their  activity,  suspends,  or 
directs  them.  Contractility  is  that  other  property  by  which  parts 
excited,  that  is,  in  which  sensibility  has  been  called  into  action, 
contract  or  dilate,  in  a  word,  act,  and  execute  motions.  In  the 
same  manner,  as  we  have  not  always  a  consciousness  of  the  im, 
pressions  received  by  our  organs,  and  as,  for  example,  no  sensa- 
tion informs  us  of  the  stimulating  impression  by  w  hich  the  blood 
calls  the  heart  into  action,  so  it  is  by  reflexion  only,  that  we  are 
induced  to  admit  the  existence  of  certain  motions  ;  of  those,  for 
instance,  by  which  the  humours,  when  they  have  reached  the 
smallest  vessels,  become  incorporated  into  the  tissue  of  our  organs. 
These  motions,  to  make  use  of  an  ingenious  comparison,  resemble 
those  of  the  hour-hand,  compared  with  the  second-hand  of  a  watch. 
The  hour  hand  appears  motionless,  and  yet  in  twelve  hours  it 
describes  the  whole  circumference  of  the  dial  plate,  round  which 
the  other  hand  moves  in  one  minute,  with  a  motion  that  is 
visible. 

In  considering  life  through  the  great  series  of  beings  that  possess 
it,  we  have  seen  that  those  in  which  it  is  roost  limited,  or  rather  in 
which  it  consists  of  the  least  number  of  actions  and  phenomena, 
vegetables,  for  instance,  and  animals  like  the  polypus,  which  have 
no  brain,  no  distinct  nervous  system,  are  at  once  endowed  with 
sensibility  and  contractility  in  all  their  parts.    All  living  beings, 
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all  the  organs  which  enter  into  their  composition,  are  iinprrgrtalr 
cd,  if  we  may  be  allowed  the  expression,  with  these  two  faculties, 
necessarily  co-existing,  and  which  shew  themselves  by  internal 
and  nutritive  motions,  obscure,  indeed,  and  to  be  distinguished 
only  by  their  effects.  These  two  faculties  appear  to  exist  in  the 
degree  absolutely  required  for  enabling  the  fluids  that  pervade  all 
the  parts  of  a  living  body,  to  induce  the  action  by  which  these 
parts  are  to  assimilate  such  fluids.  It  is  clear,  that  the  two  pro- 
perties of  feeling  and  of  motion  are  indispensable  to  all  parts  of  the 
body.  They  are  properties  universally  diffused  through  organiz- 
ed and  living  matter,  but  they  exist  without  possessing  any 
peculiar  organ  or  instrument  of  action.  Were  it  not  for  these, 
two  faculties,  how  would  the  different  parts  act  on  the  blood,  or  on 
£he  fluid  which  supplies  its  place,  so  as  tq  obtain  from  it  the 
materials  subservient  to  nutrition  and  the  different  secretions? 
These  faculties  are  therefore  given  to  every  thing  that  has  life — 
to  animals,  to  vegetables,  to  man  in  his  waking  hours,  or  in  his 
most  profound  sleep,  to  the  foctns,  to  the  child  that  is  born,  to  the 
organs  of  the  assimilating  functions,  and  to  those  which  connect 
us  with  surrounding  beings.  Both  these  faculties,  obscure,  and 
inseparable,  preside  over  the  circulation  of  the  blood,  of  the  fluids, 
and,  in  short,  over  all  the  phenomena  of  nutrition. 

Though  this  kind  of  sensibility  is  always  latent  or  concealed,  it 
is  otherwise  with  regard  to  contractility,  which  may  be  sensible  or 
otherwise.  The  bouc,  which  takes  up  the  phosphate  of  lime,  to 
which  it  owes  its  solidity,  exerts  that  actiou  without  our  being 
aware  of  its  taking  place,  except  by  its  effect:  but  the  heart 
which  feels  the  presence  of  the  blood,  without  aiiy  consciousness, 
on  our  part,  ofsuch  sensation,  exerts  motions  that  are  easily  per- 
ceptible, but  over  which  we  hav;e  no  controul,  either  to  suspend  or 
accelerate  them- 

Vital  properties  in  so  weak  a  degree,  would  not  have  been  suf- 
ficient to  the  existence  of  man  and  of  the  animals  which  resemble 
him,  obliged  to  keep  up  multifarious  intercourse  with  every  thing 
that  surrounds  them;  thus  they  enjoy  a  very  superior  kind  of; 
sensibility,  by  means  of  which  the  impressions  which  affect  some 
-of  their  organs  are  perceived,  judged  and  compared.  This  mode 
of  sensibility  might  be  more  properly  called  perceptibilit  y,  or  the 
faculty  of  accounting  to  oneself  for  the  emotions  which  are  expe- 
rienced.   It  requires  a  centre  to  Avhich  the  impressions  maybe 
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referred,  and  therefore  it  exists  only  in  the  animals  which,  like 
man,  have  a  brain  or  some  organ  in  its  stead  ;  so  that  the  zoo- 
phytes and  vegetables,  wanting  that  organ,  are  equally  destitute 
of  this  faculty.  The  polypi,  and  some  plants,  as  the  sensitive,  per- 
form nevertheless  certain  spontaneous  motions,  which  seem  to  in- 
dicate the  existence  of  volition,  and  consequently  of  perceptibility. 
But  these  motions  are  the  residt  of  an  impression,  which  does  not 
extend  beyond  the  part  in  which  it  is  experienced,  and  in  which 
sensibility  and  contractility  are  blended. 

The  almost  latent  sensibility  of  certain  parts  of  the  body,  can- 
HOt  be  absolutely  compared  to  that  of  vegetables  ;  since  those  or- 
gans whose  sensibility  is  so  imperfect,  manifest  in  disease m. per- 
cipient sensibility,  which  shews  itself  by  acute  pain,  and  it  is  even 
sufficient  to  change  the  stimulus  to  which  they  are  accustomed, 
to  determine   the  occurence  of  that  phenomenon.    Thus  the 
stomach,  on  the  parietes  of  which,  the  food  does  not  in  health 
produce  any  perceptible  impression,  becomes  the  seat  of  very  dis- 
tinct sensation  and  of  dreadful  pain,  when  a  small  quantity  of 
poisonous  matter  is  introduced  into  it.    In  like  manner,  Ave  are 
not  conscious  of  the  impressions  excited  in  the  parietes  of  the  blad- 
der or  rectum,  by  the  collection  of  urine  or  faecal  substances, 
except  when  their  contents  have  become  sufficiently  irritating  by 
their  presence,  to  excite,  in  a  certain  degree,  those  irritable  andsen- 
sient  cavities,  and  to  transform  their  obscure,  into  a  very  distinct 
sensibility.    Is  there  not  reason  to  suspect,  that  our  unconscious- 
ness, in  health,  of  the  impressions  made  on  our  organs  by  the 
fluids  which  they  contain,  depends  on  our  being  accustomed  to 
the  sensations  which  they  incessantly  excite?  so  that  there  remains 
but  a  confused  perception,  which  in  time  disappears,  and  may  wc 
not,  under  that  point  of  view,  compare  all  these  organs  to  those  of 
sight,  hearing,  smelling,  fasting,  and  touching,  that  are  no  longer 
irritable  by  stimulants,  to  which  they  have  long  been  habitua- 
ted ? 

Two  systems  of  organs,  very  different  in  their  uses  and  in  their 
qualities,  enter  into  the  composition  of  the  human  body:  they  are 
as  two  living  and  united  machines,  the  one,  formed  by  the  organs 
of  seme,  the  nerves,  the  brain,  the  muscks,  and  the  bones,  serves 
to  maintain  its  connexion  with  external  objects;  the  other,  desti- 
ned to  internal  Jiff,  consists  in  the  digestive  tube,  and  the  organs  of 
absorption,  circulation,  respiration,  and  secretion.    The  organs 
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©f  generation  in  the  two  sexes  form  a  separate  class,  which,  as  far 
as  relates  to  the  vital  properties,  partakes  of  the  nature  ot  the 
other  two. 

By  the  organs  of  sense,  and  the  nerves  which  form  a  communi. 
cation  between  lliese  organs  and  the  brain,  we  are  enabled  to  per. 
ceive  or  to  feel  the  impressions  made  on  us  by  external  objects; 
the  brain,  the  true  seat  of  that  relative  sensibility,  which  might 
very  justly  be  termed  perceptibility,  or  the  perceptive  pozicr, 
(Pott)  when  excited  by  these  impressions,  is  able  to  irradiate  into 
the  muscles  the  principle  of  motion,  and  to  induce  the  exertion  of 
their  contractility.  This  property,  which  is  under  the  direction  of 
the  will,  manifests  itself  by  the  sudden  decurtafion  of  a  muscle, 
which  swells,  hardens,  and  determines  the  motion  of  those  paits 
of  the  skeleton  to  which  it  is  attached.    The  nerves  and  the  brain 
are  essentially  the  organs  of  these  two  properties,  a  division  of  the 
former  is  attended  with  a  loss  of  sentiment  and  voluntary  motion 
in  the  parts  to  which  they  are  distributed.   The  other  kind  of  sen- 
sibility is,  on  the  contrary,  quite  independent  of  the  presence  of 
nerves ;  it  exists  in  all  organs,  although  all  do  not  receive  nervous 
filaments.    It  might  even  be  asserted,  that  the  cerebral  nerves  are 
not  at  all  essential  to  the  life  of  nutrition  ;  the  bones,  the  arteries, 
the  cartilages,  and  several  other  tissues,  in  which  no  nerves  are 
seen  to  enter,  are  nourished  equally  well  with  the  organs  in  w  hich 
they  exist  in  considerable  number;  the  muscles  themselves  will 
carry  on  their  own  internal  ceconomy,  notwithstanding  the  division 
of  their  nerves;  only,  deprived  of  those  means  of  communication 
with  the  brain,  they  can  no  longer  receive  from  it  the  principle 
of  voluntary  contraction  ;  instead  of  that  sudden,  energetic  and 
lasting  decurtation  which  the  will  determines  in  them,  they  become 
merely  capable  of  those  quiverings  called  palpitations. 

The  anatomist  who  studies  the  nerves,  with  a  view  to  ascertain 
their  termination,  finds  them  all  arising  from  the  brain  and  spinal 
marrow,  and  proceeding,  by  a  longer  or  shorter  course,  to  the 
organs  of  motion  or  of  sensation  :  let  him  take  his  scalpel  and  dis- 
sect one  of  our  limbs,  the  thigh,  for  instance,  he  will  see  the  cords 
parting  into  numerous  threads,  most  of  which  disappear  in  the 
thickness  of  the  muscles,  whilst  others,  after  creeping  for  a  time 
about  the  cellular  tissue,  which  joins  the  skin  to  the  aponeurosis, 
end  on  the  inward  surface  of  the  skin,  of  w  hich  they  compose  the 
texture,  and  expand  into  sentient  papillae  on  its  surface.  The 


bones,  the  cartilages,  the  ligaments,  the  arteries,  and  the  veins, 
all  those  parts  whose  action  is  not  under  the  controul  of  the  will, 
ure  without  them.  Nevertheless,  all  those  parts,  v/hich,  in  their 
natural  state,  send  no  perceptible  impressions  to  the  brain,  which, 
when  once  insulated,  may  be  tied  and  cut,  without  any  sign  of  pain 
from  the  animal,  and  whose  action  the  will  does  not  controul,  are 
yet  endued  with  a  sensibility  and  a  contractility,  which  enable 
them,  after  their  own  manner,  to  feel  and  to  act,  to  recognize  iri 
the  lluids  that  moisten  them,  what  is  suited  to  their  nourishment, 
and  to  separate  that  recrementitious  part  which  has  suitably  affec- 
ted their  particular  mode  of  sensibility. 

In  confining  our  attention  then,  to  the  consideration  of  a  single 
limb,  we  may  easily  satisfy  ourselves  of  the  existence  of  two  modes 
of  feeling,  as  of  two  sorts  of  motion;  a  sensibility  in  virtue  of 
which,  certain  parts  can  send  up  to  the  brain,  the  ijnpressloh» 
they  receive,  to  be  there  objects  of  consciousness;  and  another 
sensibility  belonging  to  all  organs  without  exception,  and  all  that 
some  of  them  possess,  which  is  sufficient  for  the  exercise  of  the 
functions  of  nutrition,  and  by  means  of  which  they  are  evolved,  and 
are  kept  up  in  their  natural  state;  two  kinds  of  contractility,  appro, 
priated  to  the  two  different  kinds  of  sensibility  : — The  one,  in  vir- 
tue of  which  the  muscles  obedient  to  the  will,  exercise  the  contrac- 
tions which  it  determines:  the  other,  independent  of  the  will,  mani- 
fests itself  by  actions,  of  which  we  have  no  intimation,  any  more 
than  of  the  impressions  by  which  they  are  determined. 

The  distinction  being  fairly  laid  down  between  sensibility  and 
contractility,  it  is  easy  to  understand  the  origin  of  the  endless  dis- 
putes of  Haller  and  his  followers,  about  the  parts  of  the  body,  in 
man  and  animals,  which  are  endowed  with  sensibility  and  irrita- 
bility. All  the  organs  to  which  that  learned  physiologist  has  de- 
nied these  properties,  as  bones,  tendons,  membranes,  cartilages, 
and  cellular  membrane,  &c.  possess  only  that  latent  sensibility, 
and  that  obscure  contractility,  common  to  all  living  beings,  and 
without  which,  it  is  impossible  to  conceive  life  to  exist.  In  a. 
state  of  health,  they  are  utterly  incapable  of  transmitting  to  the 
brain  perceptible  impressions,  and  of  receiving  from  it  the  princi- 
ple of  manifest  and  sensible  motion.  It  has  likewise  been  a  mat- 
ter of  much  di«pnte,  whether  sensibility  and  contractility  are  qua- 
lities of  nerves  :  if  tbege  parts  are  their  only  instruments,  and  if 
their  destruction  is  attended  with  a  loss  of  these  two  vital  proper- 
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tips,  in  the  parts  to  which  they  are  transmitted.  We  ma)  anstfer 
in  the  affirmative,  as  fur  as  relates  to  the  sensibility  of  perception;, 
and  the  voluntary  motion  which  is  entirely  subservient  to  it,  but 
that  the  existence  of  nerves  is  not  at  all  necessary  to  the  exercise 
of  the  sensibility  and  contractility  which  are  indispensable  to  the 
assimilation  of  nutrition. 

No  part  of  the  living  body  is  absolutely  insensible,  but  that 
sensibility  of  every  organ  is  so  modified,  that  it  is  not  affected  by 
the  same  stimuli.  Thus,  the  eye  is  insensible  to  sound,  and"  the  ear 
to  light.  A  solution  of  tartar  emetic,  causes  no  difagreeable  im- 
pression to  the  conjunctiva  ;  taken  into  the  stomach,  it  excitps  con- 
Tulsive  motions,  while  an  acid  from  which  the  stomach  does;  not 
suffer,  proves  a  cause  of  irritation  to  the  conjunctiva,  and  brings 
on  a  violent  inflammation  of  the  eye.  In  the  same  manner,  pur- 
gatives pass  along  the  stomach,  without  producing  any  effect  on 
that  viscus,  but  they  stimulate  the  alimentary  canal.  Cantliarides 
have  a  specific  action  on  the  bladder ;  and  mercury  on  the  salivary 
glands.  Each  part  feels,  lives,  moves,  after  its  own  way:  in  each, 
the  vital  properties  appear  under  sutch  shades  and  modification-, 
that  they  may  be  looked  upon  as  so  many  separate  members  of 
the  same  family,  concurring  in  one  endeavour,  working  for  a  com- 
mon end,  consenlienlia  omnia  (Hipp.) 

The  faculty  of  assigning  a  cause  to  the  sensations,  and  that  of 
moving  by  volition,  which  man  possesses  in  common  with  all  ani- 
mals formed- with  a  distinct  nervous  centre,  are  essentially  bound 
together.  For  suppose  a  living  being,  furnished  with  locomotive 
organs,  but  without  sensation,  placed  in  the  midst  of  bodies,  that 
every  moment  endanger  its  existence,  without  any  means  of  dis- 
tinguishing them,  it  will  hasten  its  own  destruction.  If  percepti- 
bility could,  on  the  other  hand,  exist  independently  of  motion,  how 
dreadful  would  be  the  fate  of  such  sentient  beings,  similar  to  the 
fabulous  Hamadryads,  who,  immoveably  fixed  in  the  trees  of  our 
forests,  received,  Avithout  any  power  to  shun  them,  all  the  blows 
inflicted  on  their  rustic  abode.  Dreams  place  us  sometimes  in 
situations  which  give  us  a  just  idea  of  their  condition.  A  certain 
danger  threatens  our  existence ;  an  enormous  rock  seems  to  de- 
tach itself,  to  roll  and  precipitate  itself  on  our  frail  machine  ;  a 
frightful  mouster  seems  to  pursue  us,  aud  opens  a  yawning  mouth 
to  ingulf  us.  We  struggle  to  escape  this  imaginary  danger,  to 
avoid  or  to  repel  it,  but  an.  irresistible  and  unknown  power,  a 


25 


teigbty  hand  paralyses  our  efforts,  and  keeps  us  rooted  to  tht 
■spot ;  it  is  a  situation  of  horror  and  despair,  and  we  awaken  over- 
M  helmed  With  the  uneasiness  which  we  have  suffered. 

As  there  is  no  part  that  does  not  feel,  in  a  manner  peculiar  to 
itself,  so  there  is  no  one  that  does  not  act,  move,  or  contract,  in 
a  maimer  peculiar  to  itself;  and  the  parts  which  have  been  found 
without  a  power  of  motion  analogous  to  muscular  contractility, 
have  remained  in  that  state  of  immobility,  only  for  want  of  a 
stimulus  fitted  to  their  peculiar  nature.  Some  physiologists  say 
[hpy  have  excited  a  distinct  quivering,  in  the  mesentery  of  a  frog 
unci  of  a  cat,  by  touching  them,  after  they  had  been  previously 
moistened  with  alcohol,  or  muriatic  acid. 

In  the  operation  for  sarcocele,*  I  have  often  perceived  that, 
while  with  my  left  handl  supported  the  tumour,  and  with  a  scalpel 
in  the  right,  divided  the  spermatic  chord,  the  tunica  vaginalis 
-shewed  oscillatory  contractions.  It  visibly  contracts  in  the  opera- 
tion for  hydrocele.  The  injection  of  an  irritating  fluid  determines 
evident  motions  in  the  tunica  vaginalis.  The  osseous  tissue,  not- 
withstanding the  phosphate  of  lime  with  which  it  is  incrusted,  is 
susceptible  of  a  contraction,  whose  .effects,  though  slow,  are  never- 
theless undeniable.  After  teeth  have  been  shed  or  extracted,  the 
edges  of  the  alveolar  processes  become  thinned  from  contraction, 
and  the  alveolar  cavities  disappear.  These  facts  appear  to  me  to 
prove,  still  better  than  all  the  experiments  performed  on  living 
animals,  (experiments  of  which,  by  the  bye,  the  results  ought  not 
too  confidently  to  be  applied  to  the  oeconomy  of  man)  what  one 
should  think  of  the  assertions  of  Bailer  and  his  followers,  on  the 
insensibility  and  inirritability  of  the  serous  membranes,  and  of  the 
organs  of  a  structure  analogous  to  their's. 

We  will,  at  present,  say  nothing  of  the  porosity,  of  the  divisi- 
bility, of  the  elasticity,  and  other  properties  which  are  common 
to  living  bodies  and  inanimate  substances.    These  properties  are 

•  The  contraction  of  the  membrane,  formed  by  the  expansion  of  the  cremas- 
tcr  radicle,  has  doubtless  assisted  in  rendering  more  distinct  the  appearance  ilk 
question.  This  effect  must  be  .particularly  distinct,  at  the  moment  of  dividing 
-the  spermatic  chord.  The  contractions  of  the  same  muscle  corrugate  the  skiu 
of  the  scrotum,  when  this  part  is  exposed  to  cold,  and  draw  up  the  testicle? 
towards  the  inguinal  rings  The  contractility  of  the  ikiu  of  the  scrotum  has  but 
little  influence  in  producing  this  effect, 

T. 
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neTcr  possessed  in  their  whole  extent,  and  in  all  their  purify,  if 
that  expression  may  be  allowed.  Their  results  are  always  influ- 
enced by  the  vital  power,  which  constantly  modifies  the  effects 
which  seem  to  depend  moat  immediately  upon  a  physical,  chemical, 
or  mechanical  cause,  or  upon  any  other  agent  whatsoever.  Not 
so  with  the  truly  vital  extensibility,  which  is  so  manifest  in  cer- 
tain organs,  as  the  penis  and  the  clitoris.  When  excited,  they  be- 
come turgid  and  dilated  by  the  afflux  of  humours,  but  that  effect 
does  not  depend  on  a  peculiar  property,  distinct  from  sensibility 
and  contractility.  These  parts  dilate,  their  tissue  stretches  under 
the  action  of  these  two  properties,  which  would  occasion  the  same 
phenomenon  in  all  other  parts,  if  their  structure  were  similar. 

The  same  applies  to  caloricity,  or  that  power  inherent  in  all  liv- 
ing beings,  of  maintaining  the  same  degree  of  heat,  in  varying  tem- 
peratures. In  consequence  of  which  property,  the  human  body 
preserves  its  temperature,  of  from  thirty  to  forty  degrees  (of 
Reaumur's  scale)  under  the  frozen  climate  of  the  polar  regions,  as 
well  as  in  the  burning  atmosphere  of  the  torrid  zone.  It  is  by  the 
exercise  of  sensibility  and  of  contractility,  that  is,  by  the  exercise 
of  the  functions  over  which  these  vital  powers  preside,  that  the 
body  resists  the  equally  destructive  influence  of  excessive  heat  and 
cold. 

If  one  were  to  admit  caloricily  as  one  of  the  vital  properties, 
because,  according  to  Professor  Chaussier,  that  power  of  preserving 
a  uniform  warmth  is  a  very  remarkable  phenomenon,  one  might 
be  led  to  suppose,  a  distinct  cause  or  a  peculiar  property  to  oper- 
ate in  producing  other  phenomena  of  no  less  importance. 

Barthez  and  Professor  Dumas  have  fallen  into  the  same  error, 
the  former,  in  wishing  to  establish  the  existence  of  a  power  of 
permanent  situation  in  the  molecules  of  muscular  fibres ;  the  latter, 
in  adding  to  sensibility  and  contractility  a  third  property,  which 
he  terms  the  power  of  vital  resistance.  Living  muscles  are  torn 
with  much  more  difficulty  than  when  dead,  because  the  contracti- 
lity which  these  organs  possess  in  the  highest  degree,  is  inces- 
santly tending  to  preserve  the  contact  of  the  molecules,  the  series 
of  which  forms  the  muscular  fibre,  and  even  to  draw  them  into 
closer  connexion.  This  fact,  which  is  brought  forward  as  a  proof 
of  the  existence  of  a  peculiar  power,  is  easily  explained,  on  th* 
principle  of  contractility. 

Organized  and  living  bodies  resist  putrefaction,  from  the  very 
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circumstance  of  their  being  endowed  with  life.  The  continual 
motion  of  the  fluids,  the  re. action  of  the  solids  on  the  lluids,  the 
successive  and  continual  renovation  of  the  latter,  by  the  reception 
of  new  chyle,  their  constant  purification  by  means  of  the  secre- 
tions, through  which  the  products  animalized  in  excess  *re  parted 
with,  such  are  the  causes  which  prevent  the  putrefactive  action 
from  taking  place  in  bodies  endowed  with  life,  notwithstanding 
the  multiplicity  and  the  volatility  of  their  elements.  Their  pre. 
servation  is  therefore  a  secondary  effect,  and  depending  on  the 
exercise  of  the  functions  regulated  by  sensibility  and  contractility. 
Nature  is  distinguished  for  deriving  a  multitude  of  effects  from  a 
very  small  number  of  causes,  it  therefore  shews  a. very  imperfect 
acquaintance  with  her  laws,  to  assign  a  separate  cause  to  each 
fact. 

The  separation  of  the  chyle,  which  takes  place  in  the  duodenum, 
from  the  admixture  of  the  bile  with  the  alimentary  substance,  the 
TiviQcation  of  the  blood  by  respiration,  the  secretion  of  the  fluids 
in  the  conglobate  glands,  nutrition  in  the  organs,  are  so  many  acts 
of  the  living  economy,  to  which  one  might  feel  disposed  to  assign 
distinct  causes  ;  but  these  chemico-vital  processes,  are  so  subordi. 
nate  to  sensibility  and  contractility,  that  they  are  met  with,  only 
in  organs  endowed  with  these  two  properties,  and  they  take  place, 
in  a  degree  more  or  less  perfect,  according  to  the  condition  of 
these  properties  in  the  organs  in  which  they  occur. 

We  have  stated  that  there  exist  two  great  modifications  of  sen- 
sibility and  contractility  ;  that  sensibility  is  divided  into  percipi- 
ent sensibility  and  latent  sensibility,  that  contractility  is  at  times 
voluntary,  at  others  involuntary,  and  that  the  latter  may  be  -per. 
ceivable  or  insensible. 

^Perceiving,  (cerebral,  nervous,  animal  sensi. 
bility,  psrceplibilily.) 

With  consciousness  of  impressions  or  percepti- 
bility; it  requires  a  peculiar  apparatus. 
$en'»ib!  lity.   J  Latent,    (nutritive,  organic  sensibility.) 

Without  consciousness  of  impressions;  or,  ge- 
neral sensibility,  common  to  every  thing  that 
has  life  ;  it  has  no  peculiar  organ,  and  is  found 
universally  diffused  in  living  parts,  artfraal  PV 
^vegetable. 
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'Voluntary  and  sentient^  subordinate  to  pore*-!  ',• 
tibiliry. 

contractility.^  Involuntary  and  insensible,  corresponding  (o. 
latent  sensibility.  Tonicity. 
Involuntary  and  sentient. 

The  cause  of  this  Inst  modification  of  contractility,  appears  to 
depend  on  the  peculiar  organization  of  the  system  of  the  grpat 
sympathetic  nerves.  From,  these  nerves,  the  heart,  the  digestive 
canal,  &c.  seem  to  receive  the  power  of  exerting  sensible  contrac- 
tion, an  effect  produced  by  the  direct  application  of  a  stimulus, 
and  over  which,  volition  has  no  controul,  as  will  be  stated  iu  speak- 
ing of  those  nerves. 

Sensibility  and  contractility  offer  a  vast  number  of  differences, 
the  principal  of  which  depend  on  the  age,  the  sex,  the  regimen, 
the  climate,  the  state  of  waking  or  of  sleep,  of  health  or  of  sick- 
ness, on  tlie  relative  developcment  of  the  lymphatic,  cellular  or 
adipose  systems,  and  on  the  proportions  which  exist  between  the 
r.orvous  and  muscular  systems. 

In  the.  first  place,  the  principle  of  sensibility  and  of  contracti- 
lity may  ,  in  its  action,  be  likened  to  a  lluid  flowing  from  any  source 
whatsoever,  which  is  consumed,  repaired,  and  drained  by  use,  re- 
supplied,  or  exhausted,  eqnally  distributed,  or,  occasionally  con- 
centrated on  certain  organs. 

Secondly.  Sensibility,  like  contractility,  is  very  considerable 
at  the  instant  of  birth,  and  seems,  to  diminish  more  or  less  rapidly 
till  death. 

Thirdly.  The  liveliness  and  frequency  of  impressions  wear  it 
out  very  early.  l,t,  in  a  manner,  repairs  itself,  that  is,  recovers  ite 
original  delicacy,  when  the  sentient  organs  have  been  long  at  rest. 
Thus,  an  epicure  whose  taste  has  grown  dull  with  high  living,  will 
recover  all  its  accuracy,  if  during  several  months,  instead -of  spiced 
ragouts  and  spirituous  liquors,  he  lives  on  dry  bread  and  plain 
water.  In  like  manner,  contractility  becomes  exhausted  iu  the 
muscles  which  are  too  long  employed,  and  it  is  recovered  during 
the  repose  of  sleep. 

Fourthly.  Thefollowing  is  an  instance  of  (he  manner  in  which  sen- 
sibility becomes  concentrated  on  one  organ,  and  appears,  to  forsake 
the  others:  when  the  venereal  excitement  is  in  its  highest  degree, 
animals  under  its  influence,  receive  blows  and  stings  without  pain. 
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Domestic  animals  in  that  condition,  arc  often  ill  treated,  withouf 
appearing  to  feel  what  is  done  to  them.  If  the  hind  legs  of  the 
toad  are  cut  off,  at  the  time  that  he  is  holding  the  female  firmly 
embraced,  and  is  pouring  his  prolific  seminal  fluid  on  the  ova 
which  are  issuing  at  her  anus,  he  does  not  lose  his  hold,  he  seems 
insensible  to  every  other  sensation  ;  as  a  man  who  is  taken  up 
with  one  thought,  and  absorbed  in  rellexion,  is  scarcely  diverted 
from  it  by  any  means  that  can  be  employed.  When  daring  the 
influence  of  satyriasis,  the  vital  power  is  carried  to  excess  in  the 
penis,  patients  have  been  known,  (as  we  are  told  by  Aetius)  to 
cut  off  both  their  testicles,  without  suffering  the  pain  usu- 
ally attending  so  severe  an  operation.  It  is  by  this  law  of  sensi- 
bility, that  we  arc  to  explain  the  observation  of  Hippocrates,  that 
two  parts  of  the  body  cannot  be  in  pain  at  the  same  time.  If  two 
pains  come  on  at  once,  the  more  violent  prevents  the  slighter  from 
bein°-  felt;  Ambo  partes  ndn  possunt  dolere  simul.  Duobus  do. 
loribas,  simul  orii-ntibus,  vthemenlior  obscurat  ulteriun.  (Hipp.) 
In  cases  of  scrophulous  swellings,  the  parts  are  observed  to  in- 
flame, to  become  painful,  and  suppuration  occurs  but  rarely  in 
every  part  at  once,  if  the  case  is  serious  and  attended  with  acute 
pain.  The  germ  of  a  disease  or  of  a  slighter  affection,  may  some- 
times remain  dormant  under  a  greater  pain.  I  was  once  over- 
turned in  a  carriage,  from  the  awkwardness  of  the  coachman,  the 
windows  were  broken  and  my  wrists  sprained.  The  right  wrist 
which  had  suffered  most,  swelled  first;  I  employed  the  proper 
treatment,  and  when  at  the  end  of  a  week,  the  swelling  and  pain 
had  almost  completely  ceased,  and  the  right  hand  was  beginning 
to  recover  its  suppleness  and  flexibility,  the  left  wrist  swelled  and 
in  its  turn  became  pained;  two  complaints,  if  they  may  be  called 
such,  appeared  in  succession,  and  separately  went  through  their 
regular  course.* 


*  John  Hunter  maintains  from  theory,  the  position  that  no  two  different  fevers 
can  take  place  at  the  same  time  in  the  constitution,  but  that  if  the  two  causes  of 
disease  exist  together,  the  diseases  themselves  must  be  vicarious.  And  he  verifies 
his  reasonings  from  experience. 

"On  Thursday  the  sixteenth  of  may,  1775,  1  inoculated  a  gentleman's  child, 
and  it  was  observed  that  I  made  pretty  large  punctures.  On  the  Sunday  follow- 
ing, viz.  the  nineteenth,  he  appeared  to  have  received  the  infection,  ft  small  in- 
flammation or  redness  appearing  round  each  puncture,  aud  a  small  tumour.  On 
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The  perfection  of  one  sense  is  never  obtained,  but  at  the  ex- 
pence  of  another;  the  blind  who  bestow  more  attention  on  the  sen. 
sations  communicated  by  (he  sense  of  touch  and  of  hearing,  often 
astouish  us  by  the  delicacy  of  the.«e  organs,  so  that,  as  has  been 
observed,  those  who,  to  improve  the  human  voice,  have  dared  to 
mutilate  their  fellow  creatures,  by  depriving  them  of  the  organs  of 
generation,  might  have  bethought  themselves  of  putting  out  their 
eyes,  to  render  them  more  sensible  to  the  sweet  impressions  of 
harmony. 

Fifthly.  During  sound  sleep,  the  exercise  of  the  percipient  fa- 
culty, and  that  of  voluntary  contractility,  are  entirely  suspended- 
During  that  state,  it  seems  as  if  some  covering  were  thrown  over 
the  sentient  cx'remities.  We  know  how  hard  the  hearing  be- 
comes, how  dull  the  senses  of  smell  and  of  taste  become,  how  dim 
the  sight,  a  cloud  spreading  before  the  eyes,  the  moment  we  are 
falling  asleep,  f  if  quidam  cxquisitissima  sensibililate  prceditusy 
semi  consojrilus  co'ibat ;  kuic,  at  si  velamento  levi  glans  obduc* 
tus  fuisset)  sensus  voluplatis  referebalur. 

Sixthly.  Sensibility  is  more  lively,  and  more  easily  excited,  in 
the  inhabitants  of  warm  climates,  than  in  those  of  northern  re<> 
gions.  What  a  prodigious  difference  there  is,  in  that  respect,  be- 
tween the  native  of  Germany  and  of  the  southern  provinces  of 
France.  Travellers  tell  us,  that  there  are  in  the  neighbourhood 
of  the  poles,  natives,  so  little  endowed  with  sensibility,  that  they  feel 
no  pain  from  the  deepest  wounds.  The  inhabitants  of  the  coast  of 
North  America,  if  we  may  believe  the  testimony  of  Dixon  and 
Vancouver,  thrust  into  the  soles  of  their  feet,  sharp  nails  and 

the  twentieth  and  the  twenty-flrst,  the  child  was  feverish,  but  I  declared  that  it 
was  not  the  variolous  fever,  as  the  inflammation  had  not  at  all  advanced  since 
the  nineteenth.  On  the  twenty-second,  a  considerable  eruption  appeared,  which 
•was  evidently  the  measles,  and  the  sores  on  the  arms  appeared  to  go  back,  be. 
coming  less  inflamed. 

On  the  twenty-third  he  was  very  full  of  the  measles ;  but  the  punctures  on  the 
arms  were  in  the  same  state  as  on  the  preceding  day. 

On  the  twenty  fifth,  the  measles  begin  to  disappear,  on  the  twenty-sixth  and 
twenty-seventh,  the  punctures  began  again  to  look  a  little  red.  On  the  twenty- 
ninth,  the  inflammation  increased,  and  there  was  a  little  matter  formed.  On  the 
thirtieth,  he  was  seized  with  fever.  The  small-pox  appeared  at  the  regular 
time,  went  through  its  usual  course,  and  terminated  favourably" 

T.  IJuDter  on  Inflammation,  page  5, 
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pieces  of  glass,  wi thont  feeling  the  slightest  uneasiness.  On  the 
contrary,  the  slightest  prick  from  a  thorn,  for  instance,  in  the 
foot,  is  in  the  strongest  African,  frequently  followed  by  convul- 
sions and  locked  jaw.  The  impression  of  the  air,  is  alone  suffi- 
cient to  produce  the  same  accident  in  the  negro  children  in  the 
colonies,  the  greater  number  of  whom  die  of  locked  jaw,  a  few 
days  after  birth. 

Montesquieu*  very  justly  observed  this  difference  which  exists 
in  the  sensibility  of  the  southern  and  northern  nations,  and  he 
says  of  the  latter,  that  "  if  you  would  tickle  you  must  flay 
them." 

Now,  as  the  imagination  is  always  proportioned  to  the  sensi- 
bility, all  the  arts  that  are  cultivated  and  brought  to  perfection, 
only  by  the  exercise  of  that  faculty,  will  flourish  with  difficulty 
near  the  icy  polar  regions,  unless  the  powerful  influence  of  cli- 
mate be  counteracted  by  well  directed  moral  and  physical  cau- 
ses. 7 

Man  is  of  all  beings,  the  one  that  most  powerfully  resists  the 
influence  of  external  causes;  and  although  the  influence  of  climate 
is  sufficient  to  modify  his  external  appearance,  so  as  to  lead  to  a 
division  of  the  species  into  several  distinct  varieties  or  kinds,  this 
superficial  impression  is  very  different  from  the  great  alterations 
to  which  other  beings  are  exposed,  from  the  mere  change  of  cli- 
mate. Man  is  every  where  indigenous,  and  exists  in  all  climates  ; 
while  the  plants  aud  animals  of  the  equator  languish  and  die  when 
conveyed  to  the  polar  regions.  From  the  flexibility  of  his  nature, 
man  enjoys  the  power  adapting  himself  to  the  most  opposito  situ- 
ations, of  establishing,  between  them  and  himself,  relations  com- 

*  This  philosopher  has  borrowed  from  the  father  of  physic,  one  of  his  most 
tjrilliant  and  paradoxical  opinions- •  In  his  conception,  warm  climates  are  the 
•eat  of  despotism,  and  the  cold,  the  seat  of  liberty.  This  error  is  completely  re- 
futed in  the  profound  and  philosophical  workof  Volney  on  Egyptand  Syria.  He 
»hews,  that  what  Montesquieu  has  said  of  cold  climates,  applies  to  mountainous 
regions,  while  a  champaign  is  more  favourable  to  the  establishment  of  tyranny. 
Hippocrates  had  said  of  the  Asiatics,  that  their  being  less  warlike  than  the  Eu- 
ropeans, depended  on  the  difference  of  climate,  and  likewise  on  the  despotic 
form  of  their  government.  And  he  observes,  that  men  who  do  not  enjoy  their 
natural  rights,  bnt  whose  affections  are  controuled  by  masters,  cannot  feel  the 
Void  p.v,, ion  of  war. 

Sec  chap.  XI.  on  the  varieties  of  the  human  species. 
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palible  with  (he  preservation  of  life.  Nevertheless,  it  is  not  with- 
out difficulty  that  man  undergoes  these  changes,  and  nccuMoma 
himself  to  new  impressions.  The  periodical  return  of  the  seasons 
determines  that  of  certain  derangements,  to  which  the  animal  eco- 
nomy is  subject.  The  same  diseases  manifest  themselves  under 
the  influence  of  the  same  temperature,  and  to  use  an  ingenious 
comparison,  resemble  those  birds  of  passage  which  visit  us  at  sta- 
ted seasons  of  the  year.  Thus,  hemorrhages  and  eruptive  aflt  ciious 
come  on  with  the  return  of  the  spring,  summer  comes  attended 
by  bilious  fevers,  autunm  brings  on  a  return  of  dysenteric  affec- 
tions, and  winter  abounds  in  inflammation  of  the  lungs  and  other 
parts.  The  influence  of  climate,  ou  the  human  body,  does  not 
shew  itself  merely  in  occasioning  epidemic  diseases,  the  consider- 
ation of  which  leads  to  the  establishing  w  hat  physicians  call  mcdi* 
cal  constitutions.  This  influence  operates  ou  man  in  health,  as 
well  as  in  sickness;  and  to  say  nothing  of  the  alterations  which 
our  moral  nature  experiences  from  the  tendency  to  love,  rendered 
more  impetuous  with  the  return  of  spring,  or  of  the  melancholy  to 
which  nervous  people  arc  often  subject  towards  the  end  of  autumn, 
when  the  trees  are  shedding  their  leaves,  the  increase  of  growth  is 
particularly  remarkable  at  the  time  of  the  first  growth  of  plants, 
as  was  observed  again  and  again,  by  a  friend  of  mine,  physician  to 
a  large  seminary. 

Seventhly.  Sensibility  is  greater  in  women  and  children;  their 
nerves  are  likewise  larger  and  softer,  in  proportion  to  the  other 
parts  of  the  body.  In  general,  the  principle  of  sensibility  seems 
to  decrease,  in  proportion  as  it  has  contributed  to  the  develope- 
ment  of  the  acts  of  life  ;  and  the  power  of  being  impressed  by- 
external  objects,  diminishes  gradually  with  age,  so  that  there  is  a 
period  of  decrepid  old  age,  at  which  death  appears  a  necessary 
consequence  of  the  complete  exhaustion  of  that  principle,  la 
short,  as  I  have  said  in  describing  the  progress  of  death,  at  its 
approach,  sensibility  shews  increase  of  activity  and  liveliness,  as 
if  its  quantity  required  to  be  completely  exhausted,  before  the  ter- 
mination of  existence,  or  as  if  the  organs  made  a  last  effort  to  cling 
to  life. 

The  developcment  of  the  cellular  and  adipose  substance,  dimi- 
nishes the  energy  of  sensibility,  the  extremities  of  the  nerves  be- 
ing more  covered,  and  therefore  not  so  immediately  applied  to  the 
objects,  the  impressions  which  are  felt,  are  more  obscure.  The 
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fat  operates  on  the  nerves,  as  wool  would  do  on  vibrating  chords, 
if  wrapped  round  them,  to  fix  them,  io  prevent  their  quiverings, 
and  stop  their  vibrations. 

Very  nervous  women  are  very  thin  ;  persons  of  much  sensibility 
have  seldom  much  embonpoint.  Swine,  in  which  the  nerves  are 
covered  by  a  thick  layer  of  fat,  are  the  most  insensible  of  all  ani- 
mals. The  susceptibility  of  the  nerves  may  be  diminished,  and  their 
sensibility  blunted  by  pressure.  The  application  of  a  bandage 
firmly  rolled  round  the  body  and  limbs  of  an  hysterical  woman, 
will  diminish  the  violence  of  her  fits.  In  dressing  wounds  affec- 
ted with  what  is  called  the  hospital  gangrene,  I  have  often  re- 
lieved the  pain,  by  desiring  an  assistant  to  apply  firm  pressure 
above  the  sore. 

Ninthly.  There  exists  between  the  force  of  the  muscles,  and 
the  sensibility  of  the  nerves,  between  the  sensible  energy  and  the 
force  of  contraction,  a  constant  opposition,  so  that  the  most  vigor- 
ous athlets,  whose  muscles  are  capable  of  the  most  prodigious 
efforts,  and  of  the  most  powerful  contractions,  arc-  but  slightly 
affected  by  impressions,  and  are  with  difficulty  roused  into  actiou, 
as  we  have  explained  in  giving  a  history  of  the  nervous  and  mus- 
cular temperaments,  which  are  characterized  by  this  difference. 
Hence,  man  has  more  sensibility  than  the  quadrupeds,  although 
his  nerves  are  smaller  than  theirs,  which  seem  destined  to  set  the 
muscles  in  action,  and  to  serve  as  nerves  of  motion,  rather  than  of 
sensation. 

There  is  no  muscular  fibre,  however  minute,  in  which  we  are  not 
obliged  to  admit  the  existence  of  a.  small  nervous  filament,  to 
which  it  probably  owes  the  power  of  contracting  ;  contractility, 
at  least  voluntary  contractility,  does  not  appear  to  be  inherent  in 
the  muscular  fibre,  nor  independent  of  the  nerves,  through  the  me- 
dium of  whici),  the  will  determuies  the  action  of  the  muscles  ;  and 
if  these  organs  when  insulated,  contract  on  the  direct  applica- 
tion of  a  stimulus,  is  there  not  reason  to  suspect,  that  this  stimu- 
lus acts  on  that  portion  of  nerves  which  remains  in  the  muscle,  af- 
ter it  has  been  insulated,  and  which  is  intimately  united  to  its 
fibres  ?  The  animals  w  hich  have  no  distinct  nervous  system,  possess 
at  once  in  all  their  parts,  sensibility  and  contractility  ;  these  two 
properties  become  blended  in  the  organs,  as  well  as  in  the  pheno- 
mena oi  life,  and  can  be  perceived  separate,  only  by  a  pure  abstrac- 
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tion  of  the  mind,  which  considers  in  succession  the  impression 
produced  on  these  beings,  and  the  motion  of  (heir  substance, 
■which  is  an  immediate  consequence  of  that  impression. 

We  will  not  enter  any  farther  into  a  consideration  of  the  laws 
and  phenomena  of  the  vital  properties,  for  fear  of  being  led  into 
useless  repetitions,  when  we  come  to  the  history  of  the  functions 
OYer  which  they  preside.  We  will  conclude  w  hat  relates  to  them, 
by  presenting  the  two  most  important  features  of  their  history,  1 
mean,  sympathy  and  habit. 

§  VII.    OF  SYMPATHY. 

There  exist  among  all  the  parts  of  the  living  body,  intimate  rela- 
tions ;  all  correspond  to  each  other,  and  carry  on  a  reciprocal 
intercourse  of  sensations  and  affections.  These  links  which  unite 
together  all  the  organs,  by  establishing  a  wonderful  concurrence, 
and  a  perfect  harmony  among  all  the  actions. that  take  place  in 
the  animal  economy,  are  known  under  the  name  of  sympathies. 
The  nature  of  this  phenomenon  is  yet  unknown ;  we  know  not 
■why,  when  a  part  is  irritated,  another  very  distant  part  partakes 
in  that  irritation,  or  even  contracts :  we  do  not  even  understand 
what  are  the  instruments  of  sympathy,  that  is,  what  are  the  organs 
which  connect  two  parts,  in  such  a  manner,  that  when  one  feels  or 
acts,  the  other  is  affected.  But  though  beyondexplanation,  sympa- 
thy is  not  the  less  important  in  the  economy  of  living  beings;  and 
these  connexions  between  remote  parts,  constitute  one  of  the  most 
remarkable  differences  between  those  beings  and  inorganic  bodies. 
Nothing  similar  is  observable  in  dead  or  inanimate  nature,  in  w  hich 
all  things  are  connected  together,  only  by  palpable  and  material 
links;  here  the  chain  is  invisible,  the  connexion  evident,  the  cause 
occult,  and  the  effect  apparent. 

Whytt  has  clearly  shewn,  that  the  nerves  cannot  be  considered 
as  the  exclusive  instruments  of  sympathy,  since  several  muscles  of 
a  limb  which  receive  filaments  from  the  same  nerve,  do  not  sym- 
pathize together,  while  there  may  be  a  close  and  manifest  relation 
between  two  parts,  of  which  the  nerves  have  no  immediate  con- 
nexion, since  each  nervous  filament  having  one  of  its  extremities 
terminating  in  the  brain,  the  other,  in  the  part  to  which  it  is  sent, 
remains  distinct  from  those  of  the  same  trunk,  and  does  not  coin- 
ttunicate  with  them. 
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Sympathies  may  be  distinguished  into  different  kinds.  In  the 
first  place,  two  organs,  which  execute  similar  functions; — the  kid- 
nies  may  supply  each  other's  office.  When  the  uterus  is  in  a  state 
of  pregnancy,  the  breasts  participate  in  its  condition,  and  there  is 
determined  into  them  a  ilow  of  humours  necessary  to  the  secretion 
which  is  to  take  place.  Secondly.  The  continuity  of  membranes 
is  a  powerful  source  of  sympa-thy.  The  presence  of  worms  in  the 
bowels,  determinesan  uneasy  pruritus  around  the  nostrils.  When 
there  is  a  stone  in  the  bladder,  a  certain  degree  of  itching  is  felt 
at  the  extremity  of  the  glans.  The  secretion  of  several  fluids  is 
determined  in  the  same  manner  ;  thus,  the  presence  of  food  in  the 
mouth,  brings  at  the  extremity  of  the  parotid  duct,  an  irritation 
■which  extends  to  the  parotid  glands,  calls  them  into  action,  and  in- 
creases their  secretion.  Thirdly.  If  the  pituitary  membrane  is 
irritated,  the  diaphragm  with  which  it  has  no  immediate  organic 
connexion,  nervous,  vascular,  or  membranous,  contracts,  and  occa- 
sions sneezing.  Is  not  this  sympathy  one  of  those  which  Haller 
ascribed  to  a  re- action  of  the  sensor turn  commune  ?  If  the  impres- 
sion produced  on  the  olfactory  nerves  by  snuff,  is  too  powerful,  the 
uneasy  sensation  is  transmitted  to  the  brain,  which  determines  to- 
wards the  diaphragm,  a  quantity  of  the  principle  of  motion  suffi- 
cient to  enable  that  muscle  suddenly  to  contract  the  dimensions  of 
the  chest,  so  as  to  expel  a  column  of  ah-,  that  may  detach  from  the 
pituitary  membrane,  the  substances  that  are  a  cause  of  uneasiness 
to  it.  Fourthly.  Does  not  the  principle  of  life  seem  to  contioui 
at  pleasure,  the  phenomena  of  sympathy  ?  The  rectum,  when  irri- 
tated by  the  presence  of  the  excrements,  contracts;  what  cause 
determines  the  accessory  and  simultaneous  action  of  the  diaphragm 
and  abdominal  muscles  ?  Does  this  connexion  depend  on  or- 
ganic communications  ?  Why,  then,  is  notthe  sympathy  reciprocal, 
avid  why  does  notthe  rectum  contract,  when  the  diaphragm  is  irri- 
tated ?  Fifthly.  Can  the  repeated  habit  of  the  same  motions  ex- 
plain the  harmony  which  is  observed  in  the  symmetrical  organs  ? 
Why,  when  our  sight  is  directed  to  an  object,  placed  laterally,  does 
the  rectus  externus  of  the  eye  on  that  side,  act  at  the  same  time  as 
the  rectus  internus  ofthe  other  eye  ?  The  indispensable  utility  of 
this  phenomenon,  in  keeping  a  parallelism  of  the  axis  of  vision  ig 
very  obvious,  but  who  can  assign  the  cause  ?  Why  are  rotatory 
motions,  in  different  directions,  performed  with  so  much  difficulty 
by  the  arm  and  leg  of  the  same  side  of  the  body.    Can  it  be  called 
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a  just  idea"  of  tho  innumerable  varielies  of  t&S  ph<  ■uoninmn,  and 
of  its  frequent  anomalies,  to  say,  with  Rega,  tliat  there  are  >\i::- 
pathies  of  action  or  of  contractility  ( consensus  acliunum )  sym- 
pathies of  sensibility  (consensus  pussiunitm.) 
■  AH  these  difficulties  render  it  pardonable  in  Whytt,  to  have  con- 
side;  i'd  ihe  soul  as  the  sole  cause  of  sympathy  ;  which  was,  in 
fact,  a  modest  avowal  of  the  difficulty  oT  explaining  the  subject. 
We  are  [unjustified  in  considering  sympatiiy  as  an  anomalous  ac. 
tion,  as  an  aberration  of  the  vital  power.  Can  it  be  said,  that 
the  natural  order  of  sensibility  and  irritability  is  inverted,  in  the 
sympathetic  erection  of  the  clitoris  and  of  the  nipple,  or  in  the  tur. 
gescence  of  the  breasts,  determined  by  the  gravid  state  cf  the 
uterus  ?  ;  • 

It  is  by  means  of  sympathy  that  all  the  organs  concur  in  the 
same  end,  and  yield  each  other  mutual  assistance.  Jt  affords  us 
the  means  of  explaining,  how  an  affection  at  first  local  or  limited 
in  its  extent,  spreads,  and  extends  to  all  the  systems ;  it  is  thus 
that  every  morbid  process  is  carried  on.  The  diseases  termed 
general,  always  originate,  through  the  medium  of  association,  ia 
the  insulated  affection  of  an  organ  or  a  system  of  organs. 

In  fact,  the  allections  which  appear  to  us  most  complex,  in  the 
number,  the  variety  and  the  dissimilarity  of  their  symptoms,  con-: 
sist  of  only  one,  or  of  a  small  number  of  primitive^  or  essential  ele- 
ments, all  the  rest  are  accessory,  and  depend  on  numerous  sym- 
pathies of  the  affected  organ,  with  the  other  organs  of  the  animal 
economy.  Thus,  if  the  stomach  is  the  seat  of  irritation,  from 
foulness  of  its  contents,  pains  of  all  kinds  come  on,  but  especially 
in  tlue  head  and  limbs,  with  a  burning  heat,  nausea,  loss  of  appe- 
tite, anxiety,  and  these  symptoms  constitute  a  disease  which  ap- 
pears to  affect  the  whole  system. 

To  go  on  with  the  same  illustration,  the  stonlach,  when  oppres. 
sed  by  irritating  substances,  contracts  spontaneously  to  get  rid  of 
them.  The  universal  disturbance  which  their  presence  occasions, 
seems  directed  towards  the  same  end,  as  if  the  suffering  organ  call- 
ed upon  all  the  others  to  assist  in  relieving  it. 

These  synergies,  or  aggregate  motions,  tending  to  one  end,  and 
arising  out  of  the  laws  of  sympathy,  constitute  the  diseases  termed 
general,  as  well  as  the  greater  part  of  those  which  arc  called  local. 
It  is  by  means  of  them,  and  through  these  kinds  of  organic  insur- 
rections, if  we  may  be  permitted  to  use  that  expression,  which 
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perfectly  expresses  our  meaning,  that  nature  struggles  with  advan- 
tage, and  rids  herself  of  the  morbific  principle,  or  of  the  cause  of 
the  disease;  and  the  art  of  exciting  and  directing  these  actions, 
furnishes  the  materials  of  the  most  important  doctrines  of  the  prac- 
tice of  medicine.  1  have  used  the  terms  excite  and  direct ;  for,  it 
is  necessary  at  times  to  increase,  at  others  to  diminish  their  inten- 
sity and  force,  and  on  some  occasions  to  excite  them,  when  nature, 
overwhelmed  under  disease,  is  almost  incapable  of  re-action.  This 
last  circumstance  belongs  to  the  diseases  of  the  most  dangerous 
kind,  if  we  include  (hose  in  which  the  efforts  of  nature,  though 
marked  by  a  certain  degree  of  energy,  arc  without  connexion,  or 
conseut,  and  frustrated  by  their  want  of  coherence.  The  character 
of  these  affections  was  first  well  expressed  by  Selle,  who  substitu- 
ted, for  the  term  malignant,  which  used  to  be  applied  to  them  with- 
out any  precise  meaning,  that  of  ataxic,  which  points  out  very 
correctly,  the  want  of  order,  and  the  irregular  succession  of  their 
symptoms.* 

A  knowledge  of  sympathies  is  of  the  highest  importance  in  the 

practice  of  medicine. +    When  Ave  wish  to  avert  an  irritation  fixed 

*  '  iiojJw-kjo  or<i  vyfft  ,nub  /o-j;m  yai  i;i  tiai'Bfi  e  3o  'Wii^f 

in  p.  diseased  organ,  experience  and  observation  prove,  that  it  is 

on  the  organ  which  bears  to  it  the  closest  sympathetic  connexions, 
that  it  is  useful  to  apply  medicines  intended  to  excite  counter  irri- 
tation. 

This  might  perhaps  be  the  fittest  place  to.  inquire  into  the  na- 
ture of  those  concealed  relations  which  draw  men  together,  and  of 
those  aversions  which  prevent  their  union;  to  discover  the  causes 
of  those  secret  impulses  which  lead  two  beings  towards  each  other, 
and  force  them  to  yield  to  an  irresistible  propensity.  We  might 
inquire  into  the  reason  of  antipathy,  and  in  a  word,  establish  the 
complete  theory  of  moral  sentiments  and  affections.  Such  an  un- 
dertaking is  greatly  above  our  strength,  and  besides,  does  not  ab- 
solutely belong  to  our  subject.    It  would  require  a  considerable 


»  Sijmplomala  nervosa,  ntc  inter  se,  neqne  causis  manifcslis  respondentia. 
Oriio  ten.  a'acta:,  C-  C.  Selle.    Kudimenta  pyretologiaj  methodic;?. 

+  Thi?  information  may  be  obtained,  by  consulting  the  works  of  the  ancient?, 
and  especially  of  Hippocrates,  who  appear,  t„  hate  felt  all  the  importance  of  this 
subject.  Among Ihc moderns,  Vanheliaont,  Uaglivi,  ftega,  Whvtt,  Hunter,  Bar- 
the/,  and  Bichat,  have  collected  on  this  subject,  a  great  number  of  facts  obtain- 
ed from  experiments  on  animals,  and  especially  from  observations  on  disca- 
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time,  and  who  evpr  should  undertake  it,  would  be  in  considerable 
danger  of  losing  his  way  at  every  step,  in  the  extensive  field  of 
conjectures. 

^  VII.    OF  HABIT. 

It  is  pa«ior  to  feel  the  meaning  of  this  term  than  to  define  if. 
Habit,  however,  may  be  said  to  consist  in  the  frequent  repetition 
of  certain  acts,  of  certain  motions,  in  which  the  whole  body  par- 
ticipates, or  only  some  of  its  parts.  The  most  remarkable  effect 
of  habit,  is  to  w  eaken  after  a  time  the  sensibility  of  organs.  Thus, 
a  calheter  introduced  along  the  urethra,  and  allowed  to  remain 
there,  causes  during  the  first  day  rather  sharp  pain,  on  the  second 
day  it  feels  less  uneasy  ;  on  the  third  day,  it  is  only  troublesome, 
and  on  the  fourth,  the  patient  scarcely  feels  it.  The  use  of  snuff 
at  first  increases  the  secretion  of  mucus  in  the  nose,  but  if  conti- 
nued a  certain  time,  it  ceases  to  affect  the  pituitary  membrane, 
and  the  secretion  would  diminish  considerably,  but  for  the  prac- 
tice of  increasing  daily  the  quantity  of  that  acrid  powder;  the  pre- 
sence of  a  canula  in  the  nasal  duct,  after  the  operation  for  fistula 
lachrymalis,  increases  at  first  the  mucous  secretion  of  that  canal  ; 
but  in  proportion  as  it  becomes  accustomed  to  the  extraneous 
body,  the  secretion  returns  to  its  natural  condition. 

It  is  only  by  our  sensations  that  we  are  aware  of  our  existence. 
Life,  to  make  use  of  the  figurative  language  of  system,  of  a  mo- 
dern writer,  consists  in  the  action  of  stimuli  on  the  vital  pow- 
ers. (Tola  vita,  quanta  est,  consistit  in  stimulo,  et  vi  vita'/. 
Brown.)  Sentient  beings  feel  a  continual  necessity  of  renewed 
emotions ;  all  their  actions  tend  to  the  obtaining  agreeable  or 
disagreeable  sensations  ;  for,  in  the  absence  of  other  sensations, 
pdin  is  sometimes  attended  with  enjoyment.  Those  who  have  ex- 
hausted every  kind  of  enjoyment,  and  who  have  had  no  pleasures 
nngratified,  are  led  to  suicide  from  a  weariness  of  life ;  who  can 
live,  when  all  power  of  feeling  is  gone  ? 

The  following  is  the  most  extraordinary  and  remarkble  instance 
known,  of  the  manner  in  which  habit  and  a  frequent  repetition 
of  the  same  impressions,  wear  out  by  degrees  the  sensibility  of  or- 
gans. A  shepherd,  about  the  age  of  fifteen,  became  addicted  to 
onanism,  and  to  such  a  degree,  as  to  practise  it  seven  or  eight 
times  in  a  day.  Emission  became  at  last  so  difficult,  that  he  would 
Strive  for  an  hour,  and  then  discharge  only  a  few  drops  of  blood. 


39 


At  the  a^e  of  six  and  twenty,  his  hand  became  insufficient,  all  he 
could  do*  was  to  keep  the  penis  in  a  continual  state  of  priapism. 
He  then  bethought  himself  of  tickling  the  internal  part  of  his 
urethra,  bv  means  of  a  bit  of  wood  six  inches  long,  and  he  would 
spend  in  that  occupation  several  hours,  while  tending  his  flock  in 
the  solitude  of  the  mountains.  By  a  continuance  of  this  titillation 
for  sixteen  years,  the  canal  of  the  urethra  became  hard,  callous, 
and  insensible.  The  piece  of  woed  then  became  as  ineffectual 
as  his  hand  ;  at  last,  after  much  fruitless  effort,  G.  one  day  in 
despair,  drew  from  his  pocket  a  blunt  knife,  and  made  an  incision 
into  his  glans,  along  the  course  of  the  urethra;  this  operation, 
which  would  have  been  painful  to  any  ene  else,  was  in  hiea 
attended  with  a  sensation  of  pleasure,  followed  by  a  copi- 
ous emission.  He  had  recourse  to  his  new  discovery,  every  time 
his  desires  returned.  When  after  an  incision  into  the  cavernous 
bodies,  the  blood  flowed  profusely,  he  stopped  the  hemorrhage,  by 
applying  around  the  penis  a  pretty  tight  ligature.  At  last,  after 
repeating  the  same  process  perhaps  a  thousand  times,  he  ended  in 
splitting  his  penis  into  two  equal  parts,  from  the  meatus  urinarius 
to  the  scrotum,  very  near  to  the  symphysis  pubis.  When  he 
had  got  so  far,  unable  to  carry  his  incision  any  farther,  and  again 
reduced  to  new  privations,  he  had  recourse  to  a  piece  of  wood, 
shorter  than  the  former  :  he  introduced  it  into  what  remained  of 
the  urethra,  and  exciting  at  pleasure  the  extremities  of  the 
ejaculatory  ducts,  he  provoked  easily  the  discharge  of  semen. 
He  continued  this  about  ten  years;  after  that  long  space  of  lime, 
he  one  day  introduced  his  bit  of  wood  so  carelessly,  that  it  slipped 
from  his  fingers  and  dropped  into  the  bladder.  Excruciating  pain 
and  serious  symptoms  came  on.  The  patient  was  conveyed 
to  the  Hospital  at  Narbonne.  The  Surgeon,  surprized  at  the  sight 
of  two  penes  of  ordinary  size,  both  capable  of  erection,  and  in 
that  state  diverging  on  both  sides,  and  seeing  besides  from  the 
gears  and  from  the  callous  edges  of  the  division,  that  this  conforma. 
tion  was  not  congenital,  obliged  the  patient  to  give  him  an 
account  of  his  life,  which  he  did,  with  the  details  which  have 
been  related.  This  wretch  was  cut  as  for  the  stone,  recovered  of 
the  operation,  but  died  three  months  after,  of  an  abscess  in  the  right 
side  of  the  chest,  his  phthisical  state  having  been  evidently  brought 
»n  by  the  practice  of  onanism  carried  on  nearly  forty  years.* 

*  Chopart,  n  aladk-s  de>  voies  uriaaires.  Tome  II. 
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The  habit  of  suffering,  renders  us  in  tlx:  end  insensible  to  pair.; 
but  e.ery  thing  in  this  world  is  balanced,  and  if  habit  lightens  our 
evils,  by  blunting  sensibility,  iton  the  other  hand  drains  the  source 
of  our  sweetest  enjoyments.  Pleasure  and  pain,  tlu-.se  two 
extremes  of  sensation,  in  a  manner,  approximate  to  each  oilier, 
and  become  indifferent  to  him  who  is  accustomed  to  them.  Hence 
arises  inconstancy,  or  rather  that  insatiable  desire  of  varying  the 
objects  of  our  inclinations,  that  imperious  want  of  new  emotions; 
hence  we  possess  with  indifference  what  we  pursued  w  ith  (he  utmost 
ardour  and  perseverance,  and  even  cease  to  be  impressed  \>y  those 
charms  which  once  held  us  captivated. 

A  striking  instance  of  the  powerful  influence  of  habit  on  the 
action  of  organs,  is  afforded  by  that  criminal  who,  we  are  told  by 
Sancforius,  was  taken  ill  on  being  removed  from  a  noisome 
dungeon,  and  did  not  recover  till  he  was  replaced  in  the  impure 
air  to  which  he  had  been  long  accustomed.  JVIilhridates,  that 
formidable  rival  ef  the  Roman  power,  dreading  to  be  taken  alive 
by  his  enemies,  tried  in  vain  to  put  an  end  to  his  life,  by  taking 
large  doses  of  the  most  subtle  poisons,  because  he  had  long 
inured  himself  to  their  action.*  It  has,  therefore,  been  justly 
said  of  habit,  that  it  is  a  second  nature,  whose  laws  ought  to  be 
respected. 

The  organs  of  generation  in  women,  iu  consequeur.e  of  their 
lively  sensibility,  are  in  an  especial  manner  submitted  to  the 
powerful  influence  of  habit.  The  womb,  after  a  miscarriage,  has 
a  tendency  to  a  renewal  of  the  same  occurrence,  when  the  same 
period  of  pregnaucy  recurs,  so  that  the  greatest  precautions  are 
necessary  to  prevent  abortion  in  women,  who  are  subject  to  it, 
when  they  have  reached  the  month  in  which  they  before  mis- 
carried. 

May  not  death  be  considered  as  a  natural  consequence  of  the 
Laws  of  sensibility  ?  Life,  depending  on  the  continual  excitement 
of  the  living  solids  by  the  fluids  which  moisten  them,  ceases, 
because  the  parts  endowed  with  sensibility  and  coutractility,  after 
long  habitude  of  the  impressions  of  those  fluids,  losp  their  capacity 
of  feeling  them.    Their  action  gradually  extinguished,  would 

*  In  some  very  rare  cases,  habit  produces  a  quite  contrary  efiecl.  Cullen 
states,  that  lie  knew  persons  so  acctistcmcd  to  txcite  vomiting  in  themselves 
that  ;he  uvutieth  pr.rt  of  a  grain  of  tartar  emetic  was  sufficient  to  excite  * 
convulsive  action  of  the  stomach. 
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perhaps  revive,  if  the  energy  of  the  stimulating  power  were 
increased. 

A  knowledge  of  the  power  of  habit,  is  a  useful  guide  in  the 
application  of  remedies,  the  greatest  part  of  which  operate  in  the 
cure  of  diseases,  only  by  modifying  sensibility.  A  wound  in 
which  lint  has  kept  up  the  degree  of  inflammation  necessary  to 
cicatrization,  becomes  insensible  to  that  application,  the  parts 
become  spungy  and  soft,  and  the  cure  is  protracted.  The  lint 
should  then  be  covered  with  an  irritating  powder,  and  the  pledgits 
soaked  in  au  active  fluid:  one  may  safely  increase  the  doses  of  a 
medicine  which  has  been  long  employed.  Thus,  in  the  treatment 
of  the  venereal  disease  by  mercurials,  the  dose  is  to  be  gradually 
rncreased;  with  the  same  view,  Frederic  Hoffman  recommended 
in  the  treatment  of  chronic  diseases,  that  the  remedies  should  be 
suspended  for  a  time  and  then  resumed,  lest  the  system  should  get 
accustomed  to  them  and  their  influence  be  lost.  The  same  motive 
should  lead  one  to  vary  the  treatment,  and  to  employ,  in  succes- 
sion, those  medicines  to  which  nearly  the  same  qualities  are 
assigned,  for,  each  of  them  calls  forth  the  sensibility  in  a  peculiar 
manner.  The  nervous  system  may  be  compared  to  an  earth 
abounding  in  various  juices,  and  for  a  full  display  of  whose 
fecundity,  it  is  necessary  that  the  husbandman  commit  to  it  the 
germs  of  various  plants. 

It  is  very  remarkable  that  habit,  or  the  frequent  repetition  of 
the  same  act,  which  uniformly,  under  all  circumstances,  and  in  all 
organs,  blunts  physical  sensibility,  should  improve  the  intellect, 
and  increase  the  facility,  and  activity  of  execution  of  all  the 
operations  of  the  understanding,  or  of  the  actions  which  depend 
on  them.  "  Habit  impairs  the  sensitive  power ',  and  improves  the 
judgment.  Bichatwas  therefore  incorrect,  when  in  his  distinction 
of  the  organs  w  hich  are  subservient  to  the  functions  of  assimila- 
tion, from  those  which  serve  to  keep  up  our  relation  with  the 
surrounding  objects  ;  he  maintained,  that  the  sensibility  of  the 
latter  becomes  more  exquisite,  while  the  sensibility  of  the  former 
becomes  impaired  from  habit. 

Cut  can  a  painter,  because  he  judges  more  correctly  than  the 
ignorant,  of  the  beauties  of  a  picture,  be  said  to  see  it  better? 
Surely  not,  for,  he  may  with  a  sight  far  less  penetrating,  and  move 
infirm,  form  a  more  accurate  analysis,  from  the  habit  which  he  has 
acquired,  and  judge  with  a  great  deal  more  promptitude  and 
'ctrtainty,  of  the  sevvrul  parts  and  of  the  whole;  just  as  thw 
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practised  ear  of  the  musician  seizes,  in  a  piece  of  music,  and 
during  the  most  rapid  execution,  the  expression  and  the  value  of 
all  the  notes  and  tones.  The  error  has  arisen,  from  its  being 
forgotten,  that,  correctly  speaking,  it  is  not  the  eyes  that  see,  or 
the  ears  that  hear;  that  the  impressions  produced  by  the  sounds  on 
these  organs,  are  but  the  occasional  cause  of  the  sensation,  or  of 
the  perception  of  w  hich  the  brain  is  the  exclusive  seat.  Which  hag 
the  more  delicate  sense  of  hearing,  the  North  American  savage, 
who  hears  the  noise  of  the  step  of  Ins  enemies,  at  distances  that 
astonish  us,  or  the  artist  who  does  not  hear  a  person  speaking 
at  the  distance  of  fifty  paces  from  him,  but  who  directs  with 
judgment,  all  the  operations  of  a  great  orchestra,  and  who 
distinguishes  skilfully,  the  effect  of  each  part  ? 

Bring  down  to  a  frugal  Pythagorean  regimen,  one  of  our  modern 
epicures  :  his  palate,  exhausted  of  its  sensibility  by  the  most 
savoury  dishes,  by  ardent  liquors,  and  the  most  exquisite  ragouts, 
will  discover  no  taste  in  dry  bread.  Let  him,  however,  live  on 
bread,  if  he  can,  for  some  time,  it  will  soon  appear  to  him  to  have 
a  grateful  taste,  as  it  does  to  those  who  make  it  their  principal 
article  of  food,  or  w  ho  take  it  only  with  substances  which  have 
not  a  very  distinct  taste.  Although  with  the  sense  of  smell,  that 
of  taste  furnishes  us  only  with  ideas  the  most  directly  connected 
with  our  preservation,  those  which  most  turn  upon  the  wants  of 
our  animal  nature  :  although  w  e  retain,  with  difficulty,  the 
impressions  of  these  senses,  and  that,  to  enable  us  to  retain  them, 
they  must  be  often  repeated ;  the  epicure  had  so  carefully  analyzed 
them,  that  he  had  attained  to  the  discernment  of  the  faintest  dif- 
ferences of  taste,  all  those  delicacies  of  sensation,  which,  as 
Montesquieu  said,  are  lost  to  us  vulgar  eaters. 

The  motions,  under  the  direction  of  the  will,  acquire  by  the 
precision  of  the  determinations,  the  same  aptness,  facility,  and 
readiness;  and  the  dancer,  who  surprises  us  with  his  agility,  has 
reflected,  more  than  might  be  imagined,  ou  the  very  complicated 
steps  of  which  a  ballet  is  composed. 

Morbid  sensibility,  is  equally  under  the  influence  of  habit.  1 
have  always  observed,  that  discharges  from  the  urethra  become 
less  painful  from  their  frequency.  There  is  nothing  down  to 
disease  itself,  that  is  not  made  lighter  by  habit,  as  has  been  well 
observed  by  the  old  man  of  Cos. 

it  remains  then  demonstrated,  even  as  a  general  thesis,  that 
habit,  or  the  frequent  repetition  of  the  same  acts,  whilst  it  regu^ 
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In  ly  reduces  physical  sensibility,  improves  intelligence,  and  gives 
facility  and  promptness  to  all  the  motions  that  are  under  tlie 
direction  of  the  will. 

§  IX.    OF  THE  VITAL  PRINCIPLE. 

Tie  'Words  'vital  principle,  vital  force,  &c.  do  not  express  a 
being  existing  by  itself,  and  independently  of  the  actions  by  which 
it  is  manifested:  it  must  be  used  only  as  au  abridged  formula, 
which  serves  to  mark  the  total  of  the  powers  that  animate  living 
bodies,  and  distinguishes  them  from  inert  matter.  So  that,  when- 
ever, in  the  course  of  this  section,  1  shall  use  these  terms,  or  any 
equivalent,  it  is  to  be  taken  as  if  I  had  said,  the  aggregate  of  the 
properties  and  laws  that  regulate  the  animal  economy.  This 
explanation  is  become  indispensable,  now  that  several  writers, 
realizing  a  mere  abstraction,  have  spoken  of  the  vital  principle,  as 
of  something  very  distinct  from  the  body,  as  of  a  being  altogether 
separable,  which  they  have  invested  with  feeling,  and  thought, 
and  even  deliberate  intentions. 

From  the  furthest  antiquity,  the  many  and  striking  differences 
of  living,  and  inorganic  bodies,  have  led  some  philosophers  to 
conceive  in  the  former,  a  principle  of  particular  actions,  a  force 
which  maintains  (he  harmony  of  their  functions,  and  directs  them 
all  to  a  common  end,  the  preservation  of  individuals  and  of  the 
species.  This  simple  and  luminous  doctrine  has  remained,  even 
to  our  own  days,  only  modilied  in  its  passage  through  many  years: 
and,  no  one  now  disputes  the  existence  of  a  principle  of  life,  which 
subjects  the  beings  that  enjoy  it,  to  a  system  of  laws  different 
from  those  which  inanimate  beings  obey :  a  force,  which  might  be 
characterized,  as  withdrawing  the  bodies  it  animates,  from  the 
absolute  dominion  of  chemical  affinities,  which  would  else,  from 
the  multiplicity  of  their  elements,  act  on  them  w  ith  great  power; 
and,  as  maintaining  them  in  a  nearly  equal  temperature,  whatever 
may  be  that  of  the  atmosphere.  Its  essence  is  not  in  preserving 
the  aggregation  of  constituent  molecules,  but  in  drawing  to  it 
other  molecules,  which  by  assimilation  to  the  organs  it  prevades, 
r'  place  those  that  are  carried  ofT  in  daily  waste,  and  serve  -for 
their  nourishment  and  growth. 

AU  the  phenomena  that  arc  to  be  observed  in  the  living  human 
body,  might  be  brought  as  proofs  of  the  principle  which  animates  it. 

The  actions  of  the  digestive  organs  on  its  food ;  theabsorption,  by 
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the  chylous  vessels,  of  its  nutritious  parts ;  the  circulation  of  theje 
nutritious  juices  through  the  sanguineous  system  ;  the  changes 
they  undergo  in  their  passage  through  the  lungs,  and  the  secretory 
glands;  the  impressibility  by  outward  objects;  the  power  of 
approaching  or  avoiding  them  ;  in  a  word,  all  the  functions  that 
are  carried  on  throughout  the  animal  economy,  proclaim  its 
existence.  But  it  is  customary  to  take  a  proof  of  it  yet  more 
direct,  from  the  properties  with  which  the  organs  of  these  functions 
are  endowed.  "VVe  have  examined  these  properties,  and  we  have 
seen  that  each  of  them  presents  us  with,  at  least,  two  great 
modifications ;  that  the  last  discovers  three,  which  are,  voluntary 
contractility,  contractility  involuntary  and  insensible,  Stahl's 
tonic  motion;  and  lastly,  contractility  involuntary  and  sensible, 
as  that  of  the  heart  and  the  intestines. 

If  it  is  useful  to  analyse,  in  order  to  know,  it  is  of  equal  im- 
portance not  to  multiply  causes,  from  misconceiving  the  nature  of 
effects.  And  if,  on  the  one  hand,  the  multitude  of  the  phe- 
nomena of  1  iff,  inclines  us  to  the  belief  of  many  causes  to  produce 
them;  the  unfailing  harmony  that  pervades  all  the  actions,  their 
mutual  connexions,  and  reciprocal  dependencies,  point  much 
more  decisively  to  a  sole  agent,  as  causing,  directing,  and 
coutrouling  these  phenomena. 

The  hypothesis  of  the  vital  principle,  is  to  the  philosophy  of 
living  beings,  what-  attraction  is  to  astronomy.  To  calculate  (he 
revolutions  of  the  planets,  this  science  is  compelled  to  recognize  a 
force,  which  draws  them  constantly  towards  the  sun,  and  constrains 
their  tendency  to  fly  from  it,  within  the  measured  distance  of 
those  ellipses,  which  they  describe  around  that  common  centre  of 
light  and  heat,  which  dispenses  to  them,  as  they  roll,  the  precious 
germs  of  life  and  of  fertility.  We  are  about  to  speak  of  this  force, 
to  which  all  the  powers  that  animate  each  separate  organ,  join 
themselves,  and  in  which  all  the  vital  powers  are  blended,  but 
under  the  declaration,  for  the  second  time,  of  using  the  term  only 
in  a  metaphorical  sense.  Without  this  precaution,  I  might  lead 
you  into  all  the  false  reasonings,  which  those  have  fallen  into,  who 
have  assigned  to  it  a  real  and  separate  existence. 

The  vital  power  is  in  perpetual  strife  with  the  powers  that 
govern  inanimate  bodies.  The  laws  of  individual  nature  are, 
according  to  the  saying  of  antiquity,  for  ever  struggling  against 
those  of  universal  nature:  and  life,  which  is  only  this  contest 
prolonged,  in  favour,  altogether,  of  the  vital  powers,  during 
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health,  but  with  uncertain  issue  in  disease,  is  at  an  end,  the 
moment  in  which  the  bodies  endowed  with  it,  fall  again  into  the 
system  of  lifeless  being.  This  constant  opposition  of  vital  to 
physical  laws,  both  mechanical  and  chemical,  does  not  withdraw, 
altogether,  living  bodies  from  the  controul  of  these  laws.  There 
are  effects  always  going  on  in  the  living  being,  chemical,  physical, 
and  mechanical:  only  these  effects  are  constantly  influenced, 
modified,  and  altered  by  the  powers  of  life. 

Why,  when  we  stand  up,  are  not  all  the  humours  carried  down 
to  the  lower  parts,  by  the  force  of  gravitation?  The  vital  power 
resists  the  completion,  of  this  hydrostatic  phenomenon,  and 
neutralizes  this  tendency  of  the  fluids,  the  more  succesfully  as  the 
the  individual  Is  more  robust  and  vigorous.  If  it  is  one  enfeebled 
by  previous  disease,  the  propensity  will  be  but  imperfectly  re- 
pressed :  the  feet,  after  a  certain  time,  swell :  and  this  ccdematous 
swelling  can  be  ascribed  only  to  the  insufficient  energy  of  the  vital 
.  powers,  which  determine  the  distribution  of  the  fluids,  &c. 

When  a  tumbler  throws  himself  backwards,  the  blood  does  not 
flow  altogether  to  his  head,  though  this  is  become  the  lowest  part; 
yet  the  natural  tendency  of  fluids  downwards  is  not  altogether 
overcome;  it  is  only  diminished;  for  if  he  preserve  long  the 
same  attitude,  the  struggle  of  the  hydraulic  and  vital  powers 
becomes  unequal  ;  the  former  prevail;  they  accumulate  the  blood 
upon  the  brain ;  and  the  man  dies. 

The  following  experiment  proves  incontestably,  what  has  just 
been  said  of  the  power  of  resistance,  which,  in  the  human  body,  moi  e 
or  less,  effectually  counterbalances  the  force  of  physical  laws.  I 
applied  bags  filled  with  very  hot  sand,  along  the  leg  and  foot  of 
a  man  whose  artery  had  been  tied  by  two  ligatures,  in  the  hollow 
of  the  ham,  for  popliteal  aneurism.  Not  only  the  limb  was  not 
chilled,  which  is  what  happens  when  the  course  of  the  blood  is 
intercepted,  but  the  extremity  thus  covered,  acrpiired  a  heat  much 
above  the  ordinary  temperature  of  the  body.  The  same  apparatus 
applied  to  the  sound  leg,  did  not  produce  this  excess  of  heat, 
certainly,  beeause  the  fulness  of  life,  in  that  limb,  resisted  the 
physical  action. 

The  vital  principle  seems  to  act  with  the  greater  energy,  as  the 
sphere  of  its  activity  is  narrowed ;  which  has  led  Pliny  to  say, 
that  it  was  chiefly  in  the  smallest  things  that  Nature  has  shown  the 
fulness  of  her  power.* 

*  Smquam  magh  qudm  in  minimis  'Mlota  Na'.ura,  Hist.  Nat.  lib.  II.  Cap.2 
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The  circulation  is  quicker,  the  pulse  more  frequent,  (he  d<  tf-r- 
minations  more  prompt,  in  men  of  short  stature.  Such  was  the 
great  Alexander:  never  did  man  of  colos>al  make,  display  great 
activity  of  imagination:  none  of  them  have  glowed  with  the  fire 
of  genius.  Slow  in  their  actions,  moderate  in  their  desires,  they 
obey.  without  murmuring,  the  will  that  governs  them,  and  seem 
made  for  slavery.  Agrippa  (says  Omilius  Probus,  in  his  History 
of  Augustus)  advised  that  they  should  disband  the  Spanish  guard, 
and  that  in  its  room,  Caesar  should  choose  one  of  German,  "  wotting 
(i  well,  that  in  these  large  bodies,  there  was  little  of  coverte  malice, 
"  and  yet  lesse  of  subtiltie,  and  that  it  was  a  people  more  minded 
"  to  be  ruled  than  to  i  ule." 

To  judge  soundly  of  the  remarkable  difference  which  inequality 
of  stature  brings  into  the  character,  compare  extremes  ;  set  against 
a  Colossus,  a  little  man  of  diminutive  stature;  granting,  neverthe- 
less, to  this  last,  full  and  vigorous  health.  You  may  guess 
that  he  is  talkative,  stirring,  always  in  action,  always  changing 
his  place:  one  would  say  that  he  is  labouring  to  recover  in  time, 
what  he  has  lost  in  space.  The  probable  reason  of  this  difference 
in  the  vital  activity,  following  the  difference  of  stature,  arises 
from  the  relative  b'llk  of  the  primary  organs  of  life.  The  heart, 
t  e  viscera  of  digestion,  &c.  are  of  nearly  the  same  bulk  in  alt 
men:  in  all,  the  great  cavities  are  nearly  of  the  same  extent,  and 
it  is  principally  inthe  length  of  the  lower  limbs,  that  the  difference 
of  statute  will  be  found  to  lie.  It  is  easily  conceivable,  that  the 
viscera  supplying  the  same  quantity  of  nutritious  juices  to  a 
smaller  bulk,  that  the  heart  giving  the  same  impulse  to  blood 
which  is  to  traverse  a  shorter  course,  all  the  functions  will  be 
executed  with  greater  rapidity  and  energy- 

By  an  obvious  consequence,the  diseases  of  little  men,  have  a  more 
acute  character  ;  they  are  more  vehement,  and  tend  more  rapidly 
to  their  crisis.  They  have  in  them  something  of  the  Telocity,  I 
would  even  <ay  the  instability  of  morbid  re-action  during  infancy. 
There  is  nothing  even  to  the  duration  of  life,  on  which  the  dif- 
ferences of  stature  have  not  some  influence.  With  this  suspicion, 
and  some  curiosity  to  ascertain  its  justness,  I  have  made  enquiries 
in  the  hospitals,  where  people  in  advanced  life  are  taken  in,  and  I 
found  them,  for  the  most  part,  occupied  by  old  men  aboye  the 
middle  size;  so  that  reasoning  and  observation  concur  in  showing 
that,  all  thiogs  else  being  equal,  those  of  superior  stature,  have  a 
grounded  hope  of  prolonging  their  life  beyond  the  ordinary  term. 
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I  hare  observed,  with  many  others,  that  the  whole  body  un- 
failingly receives  an  iucrease  of  vigour,  from  the  amputation  of 
a  limb.  Frequently,  after  the  loss  of  a  part  of  the  body,  you  will 
see  a  manifest  change  take  place  in  the  temperament;  those 
that  were  weak,  even  before  the  disease  which  brings  on  the  ne- 
cessity of  the  operation,  becoming  robust;  affections,  chronic 
from  debility,  such  as  scrophula,  tabes  mesenterica,  dissipated ; 
glandular  swellings  resolved  ;  which  indicates  a  very  remarkable 
increase  in  the  actions  of  all  the  organs.* 

The  parts  most  remote  from  the  centre  of  circulation  are,  in 
general,  less  alive  than  those  which  are  nearer.  Wounds  of  the 
legs  and  feet,  are  more  liable  to  ulcerate,  because,  besides  the 
circulation  of  the  fluids,  which  the  slightest  weakness  greatly  re- 
.  tards  in  them,  their  life  is  too  feeble  for  their  wounds  to  go  quick- 
ly through  their  periods,  and  readily  cicatrize.  The  toes  freeze 
first,  when  we  remain  too  long  exposed  to  severe  cold  :  it  is  in 
them  too  that  the  mortification  begins,  which  sometimes  attacks  a 
limb  after  the  ligature  of  its  vessels. 

Thus,  although  we  may  say,  that  the  principle  of  life  is  not  seat- 
ed in  any  part  of  our  being,  that  it  animates  every  system  of  or- 
gans, every  separate  organ,  every  living  molecule,  that  it  endows 
them  with  different  properties,  and  assigns  to  them,  in  some  sort, 
specific  characters,  it  must  be  confessed,  that  there  are  in  the  living 
body  some  parts  more  alive,  from  which  all  the  others  seem  to 
derive  motion  and  life.  We  have  already  seen,  that  these  central 
organs,  these  foci  of  vitality,  in  whose  life  that  of  the  whole  body 
is  involved,  diminish  gradually  in  number  in  the  animal  kinds,  as 
they  are  more  removed  from  man,  whilst  the  fewer  they  are,  the 
more  they  are  spread  out  over  the  boJy  ;  so  that  life  is  more 

*  The  extraordinary  development  of  an  organ,  never  takes  place  but  at  the 
•xpence  of  thos*  about  it,  of  which  it  draws  off  the  juices.  Aristotle  observes, 
that  UV  lower  extremities  are  almost  always  dry,  and  wasted  in  those  who  are 
of  ardent  temperament,  or  in  habits  of  frequent  venery.  Hippocrates  relate* 
id  his  work.  {De  acre,  locis,  et  aquis,  Foes  :  fol.  293.)  that  the  Scythian 
women  seared  their  right  breast,  that  the  arm  on  that  side  might  grow  ill  size 
and  strength.  Gated  speaks  of  Athletes,  who,  in  his  time,  kept  the  sexual, 
org-ir.sin  the  most  eniire  inaction,  that  withered,  shrunk,  ;wd  perished,  in  bom'- 
sort,  by  this  absolute  repose,  they  might  not  draw  off  the  nutritious  juices  from 
the  sole  noprishmrnt  of  hr  muscular  organs.  A  yourg  man,  w  ho  has  several 
times  carried  off  'he  prize  by  running  at  the  public  FCteB,  abstains  from  venery 
for  some  mont.ii,  ucf->re  entering  the  lists,  in  perfect  certainty  of  victory,  after 
this  pri ration. 
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generally  diffused,  and  its  phenomena  less  rigorously  and  strictly 
connected,  as  \te  descend  in  the  scale  of  heing,  from  the  red-  and 
warm-blooded,  to  the  red-  and  cold-blooded  animals,  from  these  to 
the  mollusca,  the  Crustacea,  worms  and  insects,  to  the  polypus,  who 
forms  the  extreme  link  of  (be  animal  chain,  and  lastly,  to  plants, 
of  which  not  a  few,  like  the  zoophytes,  so  similar  to  them  in  many 
respects,  are  endowed  with  the  remarkable  property  of  reproduc- 
tion by  slips:  which  implies,  that  each  part  contains  the  aggregate 
of  organs  necessary  to  life,  and  can  exist  alone. 

The  vital  principle  has  by  some  been  confounded  with  the  ration- 
al soul ;  but  others  have  distinguished  it  from  that  emanation  of 
divinity,  to  which  as  much  as  to  the  perfection  of  his  organization, 
jnan  owes  his  superiority  to  all  the  animal  kinds.  What  bond 
unites  the  material  principle,  which  receives  impressions  and  trans- 
mits them,  to  the  intelligence  which  feels,  perceives,  examines, 
compares,  judges,  and  reasons  on  them?  Were  man  one,  says 
Hippocrates,  did  his  material  principle  make  up  his  whole  nature, 
pleasure  and  pain  would  be  as  nothing  to  him  ;  he  would  be  with, 
out  sensation:  for,  how  could  he  account  to  himself  for  impres- 
sions? Siitnus  essct  homo,  non  doleret,  quia  non  sciret  uncle  do. 
ierct.  Here  we  stand  on  the  confines  of  physiology  and  metaphy- 
sics :  let  us  beware  of  setting  foot  in  the  dim  paths  that  are  before 
us:  the  torch  of  observation  would  yield  but  ineffectual  light,  too 
faint  to  dispel  the  thick  darkness  that  lies  over  them. 

The  vital  power  is  merely  the  vis  medicatrix  naturae,  more  pow- 
erful than  the  physician,  in  the  cure  of  many  diseases;  the  art  of 
the  physician  consisting,  in  most  cases,  in  awakening  or  directing 
the  action  of  that  power.  When  a  thorn  is  thrust  into  a  part  en- 
dowed with  sensibility,  a  sharp  pain  is  felt,  the  fluids  rush  in 
abundance  to  the  part,  it  becomes  red  and  swollen  ;  all  the  vital 
powers  are  excited,  the  sensibility  becomes  more  acute,  the  con- 
tractility greater,  and  the  temperature  rises.  Does  not  this  in- 
crease of  vital  energy  in  the  injured  part,  this  process  w  hich  takes 
place,  around  Hie  substance  that  is  the  cause  of  the  disorder; 
those  means  which  are  provided  to  expel  it,  indicate  the  existence 
of  a  preserving  principle,  incessantly  watching  over  the  harruony 
M  the  functions,  and  struggling  against  all  the  powers  that  nmy 
ftend  to  interrupt  its  exercise,  or  to  annihilate  the  vital  mo- 
tion ? 

Theory  of  ivj\ 'animation.  Inflammation  may,  I  believe,  be  de- 
fined; the  increase  of  vital  properties  in  the  part  zchich  it  ajfects. 
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Sensibility  becomes  more  acute  in  the  part  so  affected,  its  con- 
tractility greater ;  and  from  that  increase  of  sensibility,  and 
action,  arise  all  the  symptoms  characteristic  of  inflamma- 
tion. Thus  the  pain,  the  swelling,  the  rtdness,  the  heat,  and 
the  difference  in  the  state  of  the  secretions,  denote  in  the  part,  a 
more  energetic  and  active  vitality. 

Those  who  have  objected  to  the  definition  which  I  have  given 
of  inflammation,  have  evidently  mistaken  the  functions  of  the  or- 
gans for  their  properties.  It  is  very  true,  that  inflammation  of 
the  eye  is  attended  with  loss  of  sight,  but  that  circumstance  de- 
pends on  the  opacity  of  the  transparent  parts  which  should  trans- 
mit the  luminous  rays  to  the  retina.  The  sight  is  prevented  by  a 
mechanical  obstacle,  but  the  sensibility  of  the  organ  is  augmented, 
to  such  a  degree,  that  the  faintest  light  reaching  the  bottom  of  the 
eye,  through  the  transparent  cornea  dimmed  by  the  congestion 
of  the  yessels,  causes  in  it  intolerable  pain.  On  this  principle, 
darkness  is  universally  recommended  to  patients  affected  with 
ophthalmia.  In  like  manner,  when  a  muscle  is  inflamed,  the  ac- 
tion of  the  fibre,  its  decurtation,  is  prevented  by  the  congestion 
in  the  cellular  membrane,  which  covers  it,  and  fills  its  interstices. 
The  cause  preventing  contraction,  or  the  exercise  of  contractility, 
is  mechanical,  and  may  be  compared  to  that,  which,  in  an  inflamed 
lung,  opposes  the  admission  of  air,  and  the  passage  of  the  blood, 
from  the  right  to  the  left  side  of  the  heart.  Can  any  one  call  in 
question,  the  increase  of  vital  action  in  peripneumony  ?  I  am 
therefore  of  opinion,  that  the  above  definition  is  better  than  that 
proposed  by  Bichat,  in  his  '<  Anatomie  generale,"  a  work  of  la- 
ter date  than  the  first  edition  of  these  elements  of  physiology,  and 
in  which  he  makes  inflammation  to  consist  in  the  increass  of  those 
vital  properties,  which  he  terms  insensible. 

All  the  parts  of  the  human  body,  with  the  exception  of  the 
epidermis  and  its  different  productions,  as  the  nails  and  the  hair, 
appear  capable  of  inflammation.  One  might  include  among  these 
<:  epidermoid"  parts,  certain  dry  aud  slender  tendons,  as  those  of 
the  flexors  of  the  fingers,  which  when  pricked,  lacerated  and  irri- 
tated in  a  thousand  ways,  are  insensible  to  pain,  and  remain 
uninjured  in  the  midst  of  a  whitlow,  though  attended  with  sup. 
puration  of  all  the  neighbouring  soft  parts;  and  when  exposed  to 
the  air,  they  exfoliate  instead  of  granulating.  Organization  is  so 
indistinct  in  all  these,  parts,  life  so  feeble  and  languid,  that  they 


remain  insensible  to  the  impression  of  all  those  causes  which  might 
tend  to  increase  its  activity. 

The  degree  of  sensibility  in  a  part,  the  number  and  size  of  the 
nerves  and  vessels  which  are  sent  into  it,  determine  the  degree  of 
its  aptitude  to  inflammation ;  thus  the  bones  and  cartilages  inflame 
with  considerable  difficulty.  When  one  of  these  parts  is  laid 
bare,  the  first  effect  of  the  irritation  to  which  it  is  exposed,  is  a 
softening  of  its  substance.  When  a  bone  is  laid  bare,  it  becomes 
cartilaginous  and  softens,  in  consequence  of  the  absorption  of  the 
phosphate  of  lime  which  fills  up  the  interstices  of  its  tissue;  and 
it  is  only  after  this  kind  of  incarnation,  that  fleshy  granulations 
begin  to  sprout,  as  may  be  observed  on  the  extremities  of  bones 
after  amputation.  The  difficulty  with  which  inflammation  is  set 
up  in  the  harder  parts  of  the  body,  explains  why,  before  the  twelfth 
or  fifteenth  day  after  a  fracture,  it  is  of  little  consequence  towards 
union  of  the  bone,  that  the  fractured  ends  should  be  placed  in 
apposition;  not  that  is  it  right  to  wait  so  long,  before  applying 
the  proper  bandages,  which  are  indispensable  from  the  first,  to 
prevent  the  pain  and  laceration  occasioned  by  the  displaced 
bones.  The  blood  is  determined,  from  all  quarters,  towards  the 
irritated  and  painful  part,  which  sw  ells  and  assumes  a  red  colour, 
from  the  presence  of  that  fluid.  The  swelling  w  ould  be  unlimited, 
if,  at  the  same  time  that  the  arteries  increase  in  power  and  ca- 
liber, to  occasion  that  determination,  the  veins  and  lymphatics  did 
not  acquire  a  corresponding  energy,  to  enable  them  to  relieve  the 
part,  of  the  fluids  which  have  accumulated  in  it,  and  which  irrita- 
tion is  constantly  determining  to  it.  The  power  of  irritability 
and  contractility  increases  with  sensibility  ;  the  circulation  is  more 
rapid,  in  the  inflamed  part ;  the  pulsations  of  the  capillary  vessels 
are  manifest.  The  part  is  likewise  hotter,  because,  in  a  given 
time,  there  passes  through  its  tissue  more  arterial  blood,  from 
which  a  larger  quantity  of  caloric  is  disengaged,  and  the  continued 
effects  of  the  pulmonary  respiration  are  better  marked  in  it  than 
in  any  other  organ. 

It  forms  no  part  of  our  intention  to  treat  of  the  varieties  of 
inflammation:  they  depend  principally  on  the  structure  of  the 
organ  which  is  affected,  on  the  violence  and  rapidity  of  the 
symptoms,  and  on  its  eflects. 

Js  not  the  turgescence  of  an  inflamed  part,  occasioned  in  the 
same  manner,  as  in  parts  subject  to  erection,  as  the  corpora 
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cavernosa  of  tlie  penis  and  of  the  clitoris,  the  nipples,  (lie  iris, &c.  ? 
In  erection  of  the  penis,  as  in  inflammation,  there  is  an  irritation, 
a  determination  of  iluids  to  the  part,  an  increase  of  sensibility  and 
coatiactility ;  yet  its  condition  is  not  that  of  inilammation. 
Nature  has  so  disposed  the  organization  of  these  parts,  that  they 
can  sustain,  without  injury,  those  instantaneous  augmentations  of. 
rital  energy,  necessary  to  the  exercise. of  the  functions  performed 
by  the  organs  to  which  they  belong.  As  in  inilammation,  these 
congestions  disappear,  when  the  cause  of  irritation  has  ceased  to 
act;  thus,  the  pupil  dilates,  because  the  iris  recedes,  when  the  eye 
is  no  longer  exposed  to  the  ray.s  of  a  vivid  light.  The  penis  re- 
turns to  its  naturally  Itaccid  and  soft  state,  when  no  irritation 
operates  to  determine  to  it  the  fluids  whose  presence,  as  long 
as  the  erection  lasts,  is  easily  explained  by  the  continuance  if  the 
irritation,  without  its  being  necessary  to  have  recourse  to  me- 
chanical explanations,  to  account  for  that  phenomenon.  When 
the  irritation,  which  produces  the  vital  tumescence  of  the  penis  or 
iris,  is  carried  too  far,  or  continues  too  long,  the  natural  con- 
gestion becomes  morbid.  It  is  well  knovvu,  that  priapism  is  fre- 
quently attended  with  mortification  of  the  penis,  and  that  the  too 
long  continued  action  of  light  on  the  eye,  brings  on  inflammation 
of  that  organ. 

The  preceding  observations  on  inflammation,  shew,  that  an 
acquaintance  with  its  phenomena  is  useful,  even  in  a  physio- 
logical point  of  view.  The  \ital  processes,  which  in  some 
organs  take  place  in  so  obscure  a  manner,  that  they  are  impercep- 
tible, acquire  in  inilammation  a  character  of  rapidity  and  intensity, 
which  renders  it  much  easier  to  observe  and  recognize  them. 
Considered  in  a  general  and  abstract  point  of  view,  and  merely 
•with  a  reference  to  its  object,  inilammation  may  be  considered  as 
a  means  employed  by  nature,  to  repel  the  influence  of  noxious 
agents,  which,  when  introduced  within  the  body,  or  on  its  surface, 
she  has  no  power  of  resisting,  but  by  a  more  active  developement 
of  thf  powers  which  animate  it. 

During  the  severe  winter  of  1793,  the  chemist  Pclletier  re- 
peated the  celebrated  experiment  of  freezing  mercury,  and 
obtained  a  solid  ball  in  the  bulb  of  a  barometer,  which  he  had  for 
a  long  while  kept  immersed  in  the  midst  of  a  quantity  of  ice,  con- 
tinually moistened  with  nitric  acid.  When  the  metal  had  attained 
a  completely  solid  state,  he  drew  the  ball  from  the  bulb,  and  placed 
it  on  his  hand.    The  heat  of  the  part,  joined  to  that  of  the  almos. 
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phero,  soon  restored  the  quicksilver  to  its  fluid  state:  at  the  same 
instant,  he  experienced  in  his  hand  so  intolerable  a  degree  of  cold, 
that  he  was  obliged  to  drop  the  quicksilver  instantly.  There  soon 
came  on,  in  the  painful  and  chilled  part,  a  phlegmonous  inflamma- 
tion, which  was  cured  by  resolution.  Quicksilver,  in  a  solid  state, 
is  One  of  the  coldest  bodies  in  nature:  how  very  rapidly  the 
Caloric  must  have  been  carried  off  in  this  case,  and  how  deep  the 
impression  must  have  been  in  the  palm  of  the  hand,  doubly  affected 
by  the  cold,  and  by  the  vital  re-action,  which  terminated  in  inflam- 
mation! I  have  produced  a  similar  effect,  by  endeavouring  to 
melt  a  piece  of  ice  in  my  hand,  during  the  heat  of  summer.  In 
this  experiment,  the  impression  of  cold  is  soon  succeeded  by  a 
sensation  of  acute  pain  and  extraordinary  throhbings,  in  the  hand 
and  fore  arm.  When  the  two  hands  are  afterwards  compared, 
that  which  held  the  piece  of  ice  is  extremely  red,  from  the  conges- 
tion of  blood  in  the  cutaneous  capillary  tissue,  and  is  very  different 
in  its  appearance,  from  that  which  was  not  the  subject  of  expe. 
Timent. 

Analogous  facts,  if  seriously  considered,  should  induce  the  fol- 
lowers of  Brown  to  apply  to  the  effects  of  cold,  the  distinctiction 
which  he  applied  to  debility,  of  direct  and  indirect.  They  would 
ha/e  no  difficulty  in  ascertaining,  that  in  its  medical  application, 
that  negative  state  of  caloric,  which  is  directly  debilitating,  may, 
nevertheless,  by  the  re-action  which  it  excites,  be  considered  as  an 
indirect  tonic. 

§  X.  OF   THE  SYSTEM   OF  THE  GREAT 
SYMPATHETIC  NERVES. 

The  great  sympathetic  nerves  are  to  be  considered  as  the  bond 
destined  to  unite  the  organs  of  the*  nutritive  functions,  by  whose 
action  man  grows,  is  evolved,  and  incessantly  repairs  the  con- 
tinual waste  attending  the  vital  motions.  They  form  a  nervous 
system,  very  distinct  from  the  system  of  the  cerebral  nerves;  and, 
as  the  latter  are  the  instruments  of  the  functions  by  which  we 
hold  intercourse  with  external  objects,  the  great  sympathetic 
nerves  supply  motion  and  life  to  the  organs  of  the  inward,  as- 
similating, or  nutritive  functions. 

In  animals,  without  vertebra,  may  not  the  nervous  system, 
■which  floats  in  the  great  cavities  with  the  viscera  which  they  con- 
tain, be  considered  as  consisting  entirely  of  the  great  sympathetics? 
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These  nerves  are  principally  distributed  to  the  organs  of  inward 
life,  whose  activity,  in  those  animals,  seems  to  grow,  in  propor- 
tion as  their  external  senses,  and  their  faculty  of  locomotion,  arc 
imperfect.  If  the  great  sympathetics  exist  in  all  the  animals 
which  have  a  distinct  nervous  system,  do  they  not,  in  an  especial 
manner,  contain  the  principle  of  vegetable  life,  essential  to  the 
existence  of  every  organized  body  possessing  the  power  of  diges- 
tion, absorption,  circulation,  secretion  and  nutrition  ?  Finally,  is 
it  not  probable,  that  in  man  the  system  of  the  great  sympathetic 
nerves,  has  a  very  great  share  in  occasioning  a  number  of  diseases, 
and  that  the  impressions  with  which  patients  are  affected,  are 
referred  to  their  numerous  ganglions,  while  the  brain  is  exclu- 
sively the  seat  of  intellect  and  thought?* 

These  suggestions  will,  doubtless,  be  answered  in  (he  affirmative, 
if  one  consider  the  origin,  the  distribution  and  the  peculiar  struc- 
ture of  these  nerves,  the  acute  sensibility  of  their'branches,  as 
well  as  the  disorders  attending  their  injury. 

Extended  along  the  vertebral  column,  from  the  base  of  the  skull 
to  the  lower  part  of  the  sacrum,  these  great  nerves,  in  some  mea- 
sure parasitic,  do  not  arise  from  the  branches  supplied  them  by 
the  fifth  and  sixth  pairs  arising  from  each  side  of  the  brains  they 
live  and  are  nouvished,  as  it  were,  at  the  expence  of  all  the  nerves 
of  the  spinal  marrow,  from  which  they  receive  branches,  so  that 
there  is  not  one  of  them,  from  which  one  can  say,  that  the  great 
sympathetics  arise  exclusively.  The  numerous  ganglions  which  are 
distributed  along  their  course,  divide  them  into  so  many  small  sys- 
tems, from  which  arise  the  nerves  of  the  organs  nearest  to  them. 
Amid  these  bulgings,  considered  by  several  physiologists,  as  somany 
little  brains,  in  which  is  performed  the  elaboration  of  the  fluid 
which  they  transmit  to  the  nerves,  no  one  is  of  more  importance 
than  the  semi  lunar  ganglion,  situated  behind  the  organs  which 
occupy  the  epigastric  region,  and  from  which  those  nerves  ori- 
ginate, which  are  distributed  to  the  greater  part  of  the  viscera  of 
the  abdomen.  It  is  to  the  region  occupied  by  that  ganglion,  in 
which  the  great  sympathetic  nerves  unite,  and  which  may  be  con- 
sidered as  the  centre  of  the  system  formed  by  their  union,  that  we 
refer  all  our  agreeable  sensations;  there  it  is  that  we  feel  in 

*  These  opinions  on  the  uses  of  the  great  sympathetic  nerves,  are  explained 
in  my  Essay  on  the  connexion  of  Life  with  the  circulation.  This  Essay  was 
pabh,hrd  before  any  thing  that  has  appeared  on  the  same  subject. — Consult  the 
"  Mcmoirea  dc  la  Soctctc  Medicali:  pour  l'aa  VII." 
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sadness,  a  constriction  which  is  commonly  referred  to  the  heart. 
Thence,  in  the  sad  emotions  of  the  soul,  seem  to  originate  those 
painful  irradiations  which  trouble  and  disorder  the  exercise 
of  all  the  functions.* 

The  numerous  fdamcnls  of  the  great  sympathetic  nerves  are 
finer,  they  are  not  of  the  same  whitish  colour,  nor  of  the  same 
consistence  as  the  filaments  of  the  cerebral  nerves.  On  that 
account,  they  are  less  easily  dissected,  the  nervous  fibrillar  are  less 
distinct,  their  reddish  chords  are  moister,  and  they  appear 
formed  of  a  more  homogeneous  substance:  their  membranous 
coverings  are  less  considerable.  They  are  likewise  endowed 
with  a  more  acute  and  more  delicate  sensibility.  Every  one 
knows  the  dacger  attending  wounds  of  the  mesentery,  a  mem- 
branous dupiicature,  in  itself,  insensible,  but  containing  such 
numerous  nerves  destined  to  the  intestinal  tube,  that  the  most 
pointed  instrument  can  scarcely  wound  the  mesentery,  without 
injuring  some  of  their  branches.  The  pain  attending  affections 
of  the  great  sympathetic  nerves,  is  of  a  very  peculiar  kind:  it- 
leads  directly  to  the  extinction  of  the  vital  power.  It  is  a  well- 
known  fact,  that  a  bruise  of  the  testicles  overpowers,  in  a  moment, 
the  strongest  man.  Every  one  knows,  that  patients  who  die  of 
strangulated  hernia,  of  volvulus,  or  of  every  other  affection  of 
the  same  kind,  die  in  the  most  distressing  anguish,  their  heart 
feels  oppressed,  and  they  are  tormented  with  constant  vomiting. 
Intestinal  and  nephritic  colics  are  attended  with  the  same  sort  of 
pain;  that  attending  injection  of  the  tunica  vaginalis  in  hydrocele, 
is  of  the  same  kind.  And  one  expects  a  favourable  event  of  the 
operation,  only  in  those  cases  in  which  the  patient  has  felt  pain 
alo  g  the  spermatic  chord,  in  the  course  of  the  speimatic  nerves, 
which  arise,  as  it  is  well-known,  from  the  renal  plexus.  In  three 
ca-<  ?,  of  wo'  nd-  of  the  abdomen,  1  was  led  by  the  nature  of  the 
pain  «  hich  the  patients  suffered,  to  prognosticate  that  the  wounds 
had  penetrated :  the  event  justified  my  prognostic.  In  all  these 
affections  of  the  great  sympathetic  nerres,  the.  pulse  is  frequent 
and  hard,  the  face  is  covered  with  a  cold  sweat,  the  features  are 
sunk ;  all  the  symptoms  are  alarming  and  soon  terminate  fatally. 

*  Consult  <m  tlie  subject  of  ihe  epigastric  centre,  Van  Helmont,  who  calls  it 
the  arch<us;  Button,  Bordeu,  Barth  z  and  Lacaze,  who  give  it  the  name  of 
the  phreni  centre,  because  they  ascrihe  to  the  diaphragm,  what  belongs  to  the 
nervous  ganglions  placed  in  front  of  its  crura. 
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The  use  of  the  system  of  the  great  sympathetic  nerves  is,  not 
merely  to  establish  a  closer  connexion  and  a  greater  union  be- 
tween all  the  organs  "which  perform  the  functions  of  assimilation, 
but  likewise  to  free  those  parts  from  the  influence  of  the  will. 
A  power  of  the  mind  so  fickle  and  so  varying,  that  life  would  be 
in  constant  danger,  if  we  had  it  in  our  power  to  stop  or  sus- 
pend the  exercise  of  functions  with  which  life  is  essentially  con- 
nected. 

If  we  consider  what  are  the  organs  to  which  the  functions  of 
assimilation  are  intrusted,  and  which  receive  their  nervous  in- 
fluence from  the  great  sympathetic  nerves,  'we  shall  find,  that  the 
action  of  the  greater  number,  is  wholly  independent  of  the  con- 
troul  of  the  w  ill.*  The  heart,  the  stomach,  the  intestinal  canal, 
&c.do  not  obey  the  will,  and  seem  to  possess  a  more  insulated  and 
more  independent  existence,  and  to  act  and  rest,  without  any  in- 
fluence on  our  part.  Some  of  these  organs,  as  the  bladder,  the 
rectum,  and  the  muscles  of  respiratiou,  which  do  not  receive  their 
nerves  exclusively  from  the  great  sympa  thetics,  are  obedient  to 
the  will,  and  receive  from  the  brain  the  principle  of  motion,  the 
former,  from  the  branches  which  the  sacral  nerves  send  to  the 
hypogastric  plexuses:  the  diaphragm,  from  the  nerves  which  it 
receives  from  the  Gfth  and  sixth  cervical  pairs. 

The  great  sympathetic  nerves  supply  the  diaphragm,  the  rec- 
tum, and  bladder,  only  with  nerves  of  sensation.  This  provisiou 
was  a  very  necessary  one,  for,  if,  as  is  the  case  with  the  heart, 
and  the  intestines,  these  parts  had  received  their  nerves  of  motion 
from  the  great  sympathetics,  their  action  would  have  been  inde- 
pendent of  the  will,  as  is  the  case  with  all  the  parts  which  these 
nerves  supply  with  motion.  The  bladder  and  rectum,  placed  at 
the  extremities  of  the  digestive  apparatus,  and  destined  to  servo 
as  reservoirs  to  the  excremeulitious  residue  of  our  solid  and  liquid 
aliments,  would  have  been  constantly  evacuating  their  content's, 

*  All  those  parts  which  receive  (heir  nerves  from  ganglions,  are  equally  inde- 
pendent. Profe-sor  Chaussier  thinks,  that  the  upper,  filaments  of  the  g.'eat 
sympathetic  nerves,  a-c-  n  I  along  the  internal  carotid,  and  join  the  spheno- 
p  ll-itioe.aird  lenticular  ganglions. — M.  Ribes  thinks  he  has  ascertained  by  dis- 
ie.i  -.n,  that  several  very  long  and  slender  filaments  follow  the  course  of  the 
fa  ies  of  the  intera.il  carotid,  and  like  them  are  sent  to  the  base  of  the  brain, 
beyond  »h>h  they  cannot  be  traced.  I  have  myself  observed,  in  dissection, 
(feese  filaments  arounJ  the  ranches  of  the  internal  carotid  artery,  but  I  bad 
always  considered  mem  to  be  formed  of  ceiltuar  substance,    ••  •» 
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as  fast  as  the  substances  which  are  destined  to  be  retained  within 
them  for  some  time,  reached  their  cavity. 

On  the  othrtr  hand,  if  the  diaphragm  had  received  its  nerves  of 
motion  from  the  great  sympathetics,  respiration  would  have  ceased 
to  be  a  voluntary  function,  of  which  we  might  at  pleasure  accele- 
rate, slacken,  or  even  completely  suspend  the  action.  To  prove 
that  the  act  of  respiration  is  under  the  conlroul  of  the  will,  we  may 
Lave  recourse  to  analogy,  and  adduce  the  instance  of  reptiles,  as 
lizards,  frogs,  serpents,  salamanders,  and  toads,  which  are  cold- 
blooded animals,  and  in  which  this  function  is  manifestly  voluntary. 
We  may  further  mention  those  slave?,  who,  we  are  told  by  Galen, 
put  themselves  to  death,  when  summoned  before  their  execution- 
ers or  judges.  According  to  that  physiologist,  and  others,  they 
choked  themselves,  by  swallowing  their  tongue.  But  it  is  suffi- 
cient to  know  how  the  muscles  that  bind  down  the  tongue  are 
situated,  and  the  degree  of  motion  which  they  allow,  to  see  how 
little  ground  there  is  for  that  opinion.  The  action  of  the  braiu 
would,  in  that  case,  have  been  no  longer  necessary  to  the  mainte- 
nance of  life  ;  iu  an  animal  without  a  brain,  respiration  would 
have  continued, and  the  circulation  would  not  have  been  interrupt- 
ed. The  death  of  that  viscus  would  not  have  been  attended  with 
the  sudden  death  of  all  the  rest. 

The  nerves  which  arise  from  the  spinal  marrow,  and  which  givQ 
to  the  diaphragm  the  power  of  contraction,  a  power  which  that 
muscle  loses  suddenly,  if  these  nerves  be  tied,  appear  to  me 
the  chief  links  which  unite  the  internal  assimilating  or  nutritive 
functions,  to  those  which  keep  up  the  relation  of  the  animal  with 
external  objects.  Without  this  bond  of  union,  the  series  of  vital 
phenomena  would  have  been  less  close,  and  their  dependence  less 
necessary.  Had  it  not  been  for  the  necessity  that  the  diaphragm 
should  receive  from  the  braiu,  by  means  of  the  phrenic  nerves, 
the  principle  which  determines  its  contractions,  acephalous  ani„ 
mals,  which  are  born  without  that  organ,  might  continue  to  live  as 
they  did  before  birth,  when  the  organs  of  nutritive  life  received 
blood,  which  had  undergone,  in  the  lungs  of  the  mother,  the  changes 
necessary  to  life.  But  where  the  bond  which  united  them  to  the 
mother  is  destroyed,  obliged  themselves  to  produce  in  their  fluids, 
the  necessary  changes,  by  the  inhalation  of  the  vivifying  principle 
contained  in  the  atmosphere,  they  no  longer  can  obey  that  neces* 
sity  ;  the  organs  of  respiration  are  deficient  in  the  principle  which 
should  e.vcil*  them. 
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When  an  infernal  inflammation  is  of  small  extent,*  and  is  seat- 
ed in  a  part  IB  which  there  are  not  many  nerves,  and  whose  tissuo 
yields  easily  to  the  humours  which  irritation  determines  into  it, 
the  whole  morbid  action  takes  place  in  the  affected,  part,  and  the 
general  order  of  the  functions  is  not  sensibly  deranged.  But  when 
inflammation  takes  place  in  a  part  endowed  with  much  sensibility, 
or  of  a  close  texture,  as  the  fingers  and  toes,  then  fever  comes  on, 
because  a  sympathy  in  the  morbid  action  takes  place,  between  the 
diseased  part  and  the  rest  of  the  system.  This  diffusion  of  the 
local  action  almost  infallibly  takes  place,  when  inflammation  oc- 
curs in  one  of  the  organs  of  the  assimilating  functions.  This 
effect  may  be  considered  as  uniform,  though  Morgagni  mentions 
several  instances  of  inflammation  of  the  liver,  marked  by  no  pe- 
culiar symptoms. 

A  knowledge  of  the  great  sympathetic  nerves  accounts  for  this 
difference.  When  an  external  part  is  affected  with  inflammation, 
the  irritation  which  it  suffers,  is  by  means  of  its  nerves  propagated 
to  the  brain,  which  by  a  re-action,  called  by  Vicq-d'  Azyr  (who 
on  this  subject  has  only  developed  the  opinions  of  Vanhelmont) 
internal  nervous  action,  transmits  that  irritation  to  the  heart,  to 
the  organs  of  respiration,  of  digestion  and  of  secretion,  in  which 
the  phenomena,  denoting  a  febrile  state,  are  principally  evolved. 
When,  on  the  contrary,  the  heart,  the  lungs,  or  any  other  internal 
organ  is  affected  with  acute  inflammation,  all  the  viscera  partake 
in  the  derangement  with  which  any  one  of  them  is  affected,  and 
without  the  intervention  of  the  brain.  They  are  all  intimately 
connected  by  the  filaments  which  they  receive  from  the  great  sym- 
pathetic nerves;  and,  by  means  of  that  nervous  system,  which  is 
in  especial  manner  appropriated  to  them,  they  carry  on  a  more 
intimate  intercourse  of  sensations  and  affections.  Besides,  the 
derangement  of  the  important  functions  entrusted  to  the  diseased 
organs,  is  necessarily  attended  with  proportionate  changes  in  all 

*  A  thousand  pustules  in  the  small  pox  occasion  only  a  moderate  degree  of 
fever,  if  they  arc  at  a  distance  from  each  other  ;  but  if  the  disease  ii  conlluent, 
lhat  is,  if  the  pustules  are  close  together  and  run  into  each  oilier,  the  fever  be- 
comes considerable  and  the  patient's  life  is  endangered.  The  fleshy  granulations 
which  sprout  in  abundance  from  an  ulcpratcd  surface,  are  so  many  small 
phlegmons  unaccompanied  by  a  febrile  state,  but  if  brought  close  to  each  other 
by  irritation,  that  condition  will  not  fail  to  ensue.  Vaccination  is  not,  in  tho 
greater  number  of  case,  attended  by  the  slightest  febri  leaction,  if,  as  I  «Unays 
have  done,  the  punctures  arc  made  at  a  certain  distance  from  each  other,  so  that 
the  inflammatory  areolx  may  not  run  into  cadi  other 
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the  acts  of  tho  animal  economy,  in  the  same  manner,  no  doubt, 
as  the  defect  of  one  wheel  interrupts  or  disturbs  the  mechanism 
of  the  whole  machine. 

There  exists  in  the  stomach  an  union  of  the  cerebral  and  sym- 
pathetic nerves,  which  explains  the  manifest  dependency,  in  which 
that  one  of  the  three  supports  of  life  is  found  with  the  brain;  a 
dependency  so  marked,  that  every  strong  affection  of  the  soul,  every 
violent  agitation  of  the  mind,  weakens  or  even  totally  suspends 
the  action  of  digestion  in  the  stomach. — This  combination  of  cere- 
bral and  sympathetic  nerves  likewise  accounts  for  a  phenomenon, 
which  was  mentioned  in  speaking  of  the  influence  of  habit  on.  the 
action  of  the  organs.  The  stomach  differs  essentially  from  the  intes- 
tinal canal;  for,  far  from  getting  accustomed  to  the  impression  of 
emetics,  so  as  to  become  by  degrees  less  sensible  to  their  action, 
as  the  intestines  to  the  action  of  purgatives,  though  three  grains 
of  tartar  emetic  could,  at  first,  scarcely  excite  it,  half  a  grain 
only  of  that  salt  is  able  to  bring  on  vomiting,  when  by  frequent 
use,  it  has  acquired  the  habit  of  the  motions  excited  by  its  action. 
Is  it  not  in  that  case  with  the  stomach,  as  with  a  limb,  whose 
muscles  perform  motions  with  the  greater  ease  and  facility,  when 
they  have  been  often  practised. 

§  XI.   OF  THE  RELATIONS  OF  PHYSIOLOGY  TO 
SEVERAL  OTHER  SCIENCES. 

It  would  be  entertaining  a  very  incorrect  notion  of  the  science 
of  living  man,  to  imagine  with  some  authors,  that  it  solely  consists 
in  the  application  of  the  laws  of  Natural  Philosophy,  to  the  ex- 
planation of  the  phenomena  of  the  animal  economy.  Physiology 
is  an  independent  science  ;  resting  upon  truths  of  its  own,  which 
it  draws  from  the  observation  of  those  actions,  which,  in  their 
aggregate  succession  and  connexion,  constitute  life.  It  is  en- 
riched, it  is  true,  with  facts  furnished  to  it  by  Natural  Philosophy, 
Chemistry,  and  Mathematics ;  but  what  ithas  borrowed  from  these, 
is  accessory  merely,  and  does  not  form  an  essential  part  of  the 
edifice  of  the  science.  Thus,  the  better  to  understand  the  me- 
chanism of  hearing  and  vision,  physiology  borrows  from  acoustics 
and  optics,  elementary  notions  on  sound  and  light;  and,  in  order 
to  obtain  a  more  correct  knowledge  of  the  nature  of  our  solids 
and  fluids,  and  of  the  manner  in  which  animal  substances  are 
constantly  passing  from  the  one  to  the  other  of  these  two  condi- 
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Hons,  physiology  calls  i;i  the  aid  of  chemistry.  Thus,  geometry 
and  m<'<.liaui>in  furnish  it  w  ith  the  moans  of  better  understanding 
the  advantageous  form  of  the  organs,  and  the  perfection  of  their 
structure. 

Xo  study  mi  rk's  along  with  it  a  more  lively  interest,  than  that 
pf  the  admirable  relations  existing  between  the  conformation  of 
our  parts  and  the  external  objects,  to  which  they  are  applied. 
These  relations  are  calculated  with  such  precision,  and  laid 
dow  n  with  such  accuracy,  that  the  organs  of  sense  and  of  motion, 
considered  in  this  point  of  view,  may  be  regarded  as  the  model  of 
the  most  ingenious  productions  of  art.  So  true  it  is,  in  the  -words 
of  the  great  physician  of  Pergamus,  that  nature  did  every  thing 
before  art,  and  belter.* 

At  the  beginning  of  the  last  century,  geometrical  physicians, 
deceived  by  an  appearance  of  rigid  precision,  attempted  to  ex- 
plain everything  by  the  calibre  of  vessels,  their  length,  their 
curvatures,  the  compound  ratio  of  the  action  of  solids  and 
the  impulse  of  fluids.  Hence  were  formed  theories  so  very  im- 
perfect, that,  as  we  shall  see,  in  treating  of  several  points  of  phy- 
siology, and  especially  of  the  force  with  which  the  heart  acts,  not 
one  of  those  who  proposed  them,  coincides  with  those  who  have 
since  followed  their  track.  However,  it  does  not  admit  of  a 
doubt,  that  there  occur  in  the  animal  machine,  effects  which  are  re- 
ferable to  the  laws  of  hydraulics.  The  brain,  for  example,  required 
a  large  and  constant  supply  of  arterial  blood,  vivified  by  recent 
circulation  through  the  lungs  ;  but  the  too  rapid  and  abrupt 
access  of  that  fluid  in  the  brain,  might  have  disordered  its  stucture. 
Nature,  therefore,  has,  as  we  shall  mention  in  the  article  of  the 
cerebral  circulation,  employed  all  the  hydraulic  resources  in  her 
power,  to  break  the  force  with  which  the  blood  enters  the  brain, 
and  to  slacken  its  course. 

Hns  man  ever  applied  the  laws  of  hydraulics  in  a  moTe  felicitous 
manner  than  nature,  in  the  rote  mirabile  formed  at  the  base  of  the 
brain  by  the  carotids  of  quadrupeds?  An  arrangement  truly  re- 
markable, without  which,  the  blood  conveyed  to  the  brain  by 

•  QuantJoquidem  nalura,  ut  arbilror,  et  jnrlor  tempore  sit,  et  in  opcribus  magis 
tapicnt  gudm  art. 

Gai,kni;s,  de  usu  partium,  lib.  VII.  cap.  13. 
Tt  w?i  from  ob-crvin^  the  manner  in  which  nature  prrvent»  the  diffusion  of 
light  in  the  globe  of  the  rye,  that  Kulcr  was  led  to  the  improvement  of  hi* 
astronomical  telcsppc*. 
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those  arteries,  impelled  by  a  force  superior  to  that  of  the  herns* 
heart,  and  not  having  to  overcome  the  resistance  of  its  own  gra- 
vity, would  infallibly  hare  occasioned  a  disorganization  of  that 
organ,  whose  consistence  is  so  soft. 

As  to  the  application  which  is  allowable  of  mathematical 
sciences,  it  may  be  said,  that,  as  iu  physiology,  but  little  is  ab- 
solutely certain*,  and  much  merely  probable,  we  can  reckon  only 
on  probabilities,  and  seek  our  elements  in  facts  deduced  from 
observation  or  experience!  facts,  which  when  collected  and 
multiplied  to  a  certain  degree,  lead  to  results  of  equal  value  with 
truths  absolutely  demonstrated. 

The  phenomena  presented  by  living  bodies  vary  incessantly,  in 
their  activity,  their  intensity,  and  their  velocity.  How  can  mathe- 
matical formulae  apply  to  such  variable  elements?  As  well  might 
you  inclose  in  a  frail  vessel,  hermetically  sealed,  a  fluid  subject  to 
expansion,  and  of  variable  bulk.  The  motions  of  progression  in 
man  and  in  the  animals,  afford,  nevertheless,  sufficiently  correct 
applications  of  calculation.  Calculation  may  likewise  be  applied 
Avith  advantage,  to  the  measurement  of  the  results  of  our  different 
secretions,  to  ascertain  the  quantity  of  air,  or  of  aliment,  intro- 
duced into  our  organs,  &c. 

Among  the  principal  causes  which  have  retarded,  in  a  consider- 
able degree,  the  progress  of  physiology,  maybe  enumerated  the 
mistake  of  those  who  have  endeavoured  to  explain  all  the  pheno- 
mena of  living  bodies,  by  a  single  science,  as  chemistry,  hydrau- 
lics, &c.s  while  the  union  of  all  these  sciences  will  not  account 
for  the  sum  of  these  phenomena.  The  abuse,  however,  ©f  these 
sciences,  should  not  be  a  reason  for  setting  them  aside  altogether. 
The  facts  obtained  from  natural  philosophy,  chemistry,  mechanics, 
and  geometry,  are  so  many  means  applicable  to  the  solution  of 
the  great  problem  of  the  vital  economy;  a  solution  which,  though 
as  yet  undiscovered,  should  not  be  considered  as  unattainable,  and 
to  which  we  shall  approach  the  nearer,  as  we  attempt  it  with  a 
greater  number  of  data.  But  it  cannot  be  too  often  repeated, 
that  he  alone  can  hope  for  that,  honour,  who,  in  the  application 
of  the  laws  of  natural  philosophy  to  living  bodies,  will  take  into 
account  the  powers  inherent  iu  organized  nature,  which  controul, 

*  This  is  to  be  understood,  as  applying  only  lo  the  causes  of  the  phenomena, 
and  not  to  the  phenomena  themselves  ;  for  physiology  is  perhaps  richer  than 
any  other  science,  in  facts  unquestionable,  and  easily  ascertained  by  oi>sci  vatiea- 
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•with  supreme  influence,  all  the  acts  of  life,  and  modify  the  result* 
that  appear  most  to  deppnd  on.  the  laws  by  which  inorganic 
bodies  are  governed. 

Anatomy  and  physiology  are  united  by  such  close  relations, 
that  it  has  been  an  opinion  with  some,  that  they  are  absolutely 
inseparable.  If  physiology,  say  they,  has  for  its  object,  a  know- 
ledge of  the  functions  carried  on  by  our  organs,  how  is  one  to 
understand  their  mechanism,  without  knowing  the  instruments  by 
•which  they  are  performed  ?  One  might  as  well  attempt  to  explain 
the  manner  in  which  the  hand  of  a  watch  performs  the  circle  of 
its  diurnal  revolution,  -without  understanding  the  springs  and 
numerous  wheels  which  set  it  in  motion.  Haller  is  the  first  who 
established  the  connexion  between  anatomy  and  physiology, 
and  who  illustrated  it  in  his  great  work.  Since  Haller,  a 
great  number  of  anatomists,  and  among  them  Soemmering,*  in  a 
work  recently  published,  have  combined,  as  much  as  possible, 
these  two  sciences;  the  latter,  in  treating  separately  of  each  system 
of  organs,  explains  what  is  best  known  of  their  uses  and  pro- 
perties. 

However  close  the  connexion  between  anatomy  and  physiology, 
they  have,  nevertheless,  appeared  perfectly  distinct  to  the  greater 
number  of  authors,  and  we  have  several  valuable  works  on  ana- 
tomy, of  which  physiology  occupies  but  a  small  part. — This 
manner  of  embracing  the  two  sciences  appears  to  me  attended 
with  the  greatest  advantage;  in  fact,  if  the  insulated  description 
of  organs  suffices  to  the  physiologist  who  wishes  to  study  their 
functions,  that  method  is  attended  with  the  disadvantage  of  fur- 
nishing few  truly  useful  views,  in  the  practice  of  operative  sur- 
gery. To  render  the  knowledge  of  the  human  body  more  espe- 
cially applicable  to  the  practice  of  surgery,  it  is  necessary,  not 
only  to  consider  separately  the  different  parts,  but  likewise  to 
view  them  in  their  connexion,  and  to  determine  precisely  their 
relations.  The  anatomist,  who  knows  that  the  principal  artery  of 
the  thigh  is  the  crural, — that,  continued  under  the  name  of  popli- 
teal, it  passes  behind  the  knee  in  its  way  to  the  leg, — that,  in  its 
course,  it  supplies  with  branches  different  parts  of  the  limb,~- 
even  though  he  knew  perfectly  the  name,  the  number  of  these 
branches,  the  varieties  to  which  they  are  subject,  the  parts  to 
which  they  are  distributed,  would  nevertheless  possess  a  knowledge 

*  J.  Cb.  Scemmerinj,  di  aorporh  humani  fabric!.  6  voli.  8vo.  1804. 
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of  that  branch  of  the  system,  almost,  useless  In  the  treatment  of 
the  diseases  with  which  it  may  be  affected.  The  situation  of  the 
artery,  its  direction,  tho  parts  which  surround  it,  its  precise  rela- 
tions to  each  of  them,  its  superficial  or  deep  seated  course,  kc. 
are  the  only  circumstances  from  which  he  can  derive  any  ad- 
vantage. 

He  who,  in  this  point  of  view,  cultivates  anatomy,  may  be  com- 
pared to  the  chemist;  in  the  same  manner  as  the  latter  is  never 
better  acquainted  with  a  substance,  than  when  he  is  able  to 
decompose  it,  and  to  reproduce  it  from  a  combination  of  its  parts, 
so  the  anatomist  is  well  acquainted  with  the  body  of  man,  only, 
when  having  studied  separately,  and  with  the  greatest  care,  each 
of  his  organs  and  each  of  the  systems,  formed  by  the  collectioa  of 
a  certain  number  of  similar  organs,  he  is  able  to  assign  to  each  of 
them  its  place,  to  determine  its  iclations,  and  the  proportions 
which  it  bears  in  the  structure  of  any  one  of  our  limbs.  The 
Btudy  of  the  latter  is  much  more  difficult  and  extensive,  than  that 
of  the  former:  for,  the  chemist  who  decomposes  and  recampounds 
a  well-known  substance,  phosphate  of  lime,  for  instance,  attains 
only  to  the  knowledge  of  its  constituent  principles,  and  respect- 
ive proportions:  the  phenomena  of  situation  altogether  escape 
him.  The  anatomist,  on  the  other  hand,  who  knows  that  such  a 
-part  is  composed  of  bones,  of  muscles,  of  nerves,  of  vessels,  must 
know,  not  only  every  one  of  these  parts,  their  relative  bulk,  but 
the  exact  place  in  which  they  are.  to  be  found. 

Anatomy,  pursued  in  this  spirit,  offers  a  field  of  wide  extent: 
it  is  the  art  which  Leibnitz  called  the  analysis  of  situation,  analy- 
sis situs.  ;  and  the  knowledge  of  it  is  too  important  not  to  require 
a  separate  place,  among  the  departments  of  medical  knowledge. 
I  will  not  pass  over  the  motives  that  are  alledged  for  combin- 
ing anatomy  and  physiology  in  one  course  of  instruction.  Ana- 
tomy, confined  to  the  mere  description  of  the  organs,  is  too  dry 
and  fatiguing:  physiology  throws  over  it  interest  and  variety: 
it  helps  to  ensure  the  attention  of  the  hearers,  who  will  re- 
tain more  permanently,  what  they  have  listened  to  with  pleasure. 
Would  not  one  think  that  physiological  details  were,  for  an  audi- 
ence, what  is  contrived  for  a  sick  and  froward  child,  in  the  honey 
that  is  rubbed  on  the  edge  of  the  cup,  to  disguise  the  bitterness  of 
the  draught  that  is  to  recal  him  to  life?  in  combining  two  ob- 
jects, of  which  one  has  no  interest  but  that  of  usefulness,  whilst 
the  other  is  engaging  as  welP,  the  attention  will  be  not  merely  di- 
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tided,  but  altogether  distracted,  and  the  mind  of  those  who  read 
or  listen,  will  skim  over  dry  details,  to  seize  with  avidity  what 
furnishes  more  to  its  activity  of  intelligence.  Anatomy  is  to  phy- 
siology, what  geography  is  to  history.  General  considerations  on 
the  situation,  the  size,  the  form,  the  relations,  the  structure  of 
organ,  are  an  indispensable  preparation  to  the  perfect  under 
standing  of  its  functious:  accordingly,  you  shall  find  much  anato- 
my in  physiological  treatises,  as  you  find  much  geographical  de 
tail  in  faithful  historians. 

1  have  said  enough,  I  trust,  to  escape  the  reproach  of  not  hav- 
ing idled  my  book  with  anatomical  descriptions,  from  the  multi 
tude  of  excellent  works  we  possess  on  the  anatomy  of  the  human 
body.  Let  us  now  enquire  what  relation  physiology  bears 
to  Comparative  Anatomy. 

If  a  machine  can  be  perfectly  known,  only  after  taking  it  to 
pieces,  down  to  its  simplest  elements ;  if  the  mechanism  of  tho 
whole  action  is  conceived,  only  by  separately  studying  the  action 
of  each  different  part,  Comparative  Anatomy,  by  aid  of  which  we 
can  study,  in  the  great  chain  which  the  animal  kinds  compose, 
the  separate  action  of  each  organ,  appretiate  its  absolute  qu 
relative  importance,  consider  it,  at  first,  insulated  and  reduced,  so 
to  speak,  to  its  own  powers,  in  order  to  determine  what  part  it 
bears  in  the  carrying  on  of  a  function  ;  Comparative  Anatomy  is  of 
absolute  necessity  to  him  who  would  make  great  progress  in  the 
knowledge  of  man  :  it  may  be  looked  upon  as  a  sort  of  analytic 
method,  by  means  of  which  we  more  completely  attain  to  the 
knowledge  of  ourselves. 

In  order  to  conceive  rightly  the  operations  of  the  human  intel, 
lect,  and  explain  the  generation  of  the  faculties  of  the  soul,  meta- 
physicians have  imagined  a  statue,  into  which  they  have  infused  a 
gradual  animation,  by  investing  it,  one  by  one,  with  our  organs  of 
sensation.  Now,  Nature  has  realized  in  some  sort  this  dream  of 
philosophy.  There  are  animals  to  which  she  has  entirely  denied 
the  organs  of  sight  and  hearing ;  in  some,  taste  and  smell  seem  to 
have  no  separate  existence  from  touch ;  in  others,  she  has  exer- 
cised a  sort  of  analysis  on  a  system  of  parts  which  all  concur  in. 
one  function.  It  is  thus,  that  in  some  animals,  divesting  the  orjjan 
of  hearing  of  the  accessories  allotted  to  collect,  transmit,  and  mo- 
dify t'le  rays  of  sound,  she  ha9  reduced  it  to  a  simple  cavity,  filled 
with  a  gelatinous  fluid,  in  which  float  th1  extremities  of  the  acous- 
tic nerve,  alone  fitted  to  receive  the  impression  of  sound ;  a  fact 
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which  overthrows  all  the  hypotheses  tliat  had  ascribed  this  sensa- 
tion to  other  parts  of  the  auditory  apparatus. 

Of  all  the  physical  sciences,  Comparative  Anatomy  is  that  which 
furnishes  the  most  useful  facts  to  physiology.  Like  physiology,  it 
is  concerned  with  organized  living  beings  :  there  is,  therefore,  no 
need  of  watching  against  the  false  applications,  so  often  made 
from  the  sciences,  whose  objects  are  matter  inorganic  and  dead, 
or  which  study,  in  living  beings,  only  the  general  properties  of 
matter.  Haller  was  so  well  aware  of  the  utility  of  introducing 
this  science  into  physiology,  that  he  has  brought  together  the 
greater  part  of  the  facts  known  in  his  time,  on  the  anatomy  of  anu 
rnals,  at  the  head  of  each  chapter  of  his  immortal  work. 

This  general  consideration  of  living  and  animated  beings,  so 
well  adapted  to  unveiling  the  secret  of  our  organization,  has  this 
further  advantage,  that  it  enlarges  the  sphere  of  ideas  of  him  who 
applies  to  it.  Let  him  who  aspires  to  that  largeness  of  conception, 
go  requisite  in  medicine,  where  facts  are  so  multiplied  and  various, 
explanations  so  contradictory,  and  rules  of  conduct  so  unfixed, 
cast  a  general  glance  on  this  great  division  of  organized  beings, 
of  which  many,  in  their  physical  structure,  so  nearly  resemble 
man  he  will  see  the  sovereign  Architect  of  the  world,  dis- 
tributing to  all  the  element  of  life  and  activity,  giving  to  some 
a  less  power  of  motion,  to  others  more  •.  so  that,  formed  all  on 
one  model,  they  seem  only  the  infinitely  varied,  but  gradual 
shades  of  the  same  form,  if  forms  have  shades  like  colours  :  never 
passing  abruptly  from  one  to  another,  but  rising  or  falling  by  gen-, 
tie  and  due  degrees;  covering  the  interval  that  separates  two 
different  beings,  with  many  species  that  serve  as  a  transition*  from 

V  *  The  conception  is  noble  and  interesling  of  a  scale  of  being,  which,  as  was 
gaid  by  C.  Bonnet,  connecting  all  the  worlds,  embracing  nil  the  spheres,  should 
extend  from  the  atom  to  the  most  exalted  of  cherubim.  "Without  carrying  it  so 
high  orso  low,  if  we  confine  it  to  the  natural  beings  with  which  we  are  well 
acquainted,  and  wh  ich  can  be  brought  under  observation,  it  will  be  seen,  that 
the  idea  is  not  so  chimerical  as  some  writers  of  most  respectable  authority  have 
supposed  it.  The  plan  traced  by  C.  Bonnet  is  evidently  defective;  we  find  in 
it  beings  set  beside  each  other,  that  have  but  faint  lines  of  resemblance,  or  alto- 
gether illusive.  The  present  slate  of  the  natural  sciences  would  allow  of  its 
being  better  done:  one  might  try  at  least  for  all  bodies  what  Jussieu  has  ex- 
ecuted with  regard  to  vegetable  productions  ;  and  if  this  undertaking,  ia  the 
hands  of  men  the  most  able  to  bring  it  to  a  successful  termination,  left  any  thing 
defective,  would  not  that  imperfection  bean  indication  of  the  existence  of  other 
worlds,  or  of  lands  yet  unknown  on  the  globe  we  inhabit ;  undiscovered  region*, 
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one  to  the  other,  and  which  present  a  continuous  series  of  ad- 
vancement or  degradation:  organization,  being  constantly  sim- 
plified, in  descending  from  man  to  the  inferior  creatures;  but 
rising  in  complexity,  in  re-ascending  from  those  animals  to  man, 
who  is  the  most  complex  beiug  in  nature,  and  was  justly  consi- 
dered, by  ancient  philosophy,  as  the  master-piece  of  the  Creator.. 

If  the  intimate  structure  of  our  organs  totally  eludes  our  investi- 
gation, it  is,  that  the  finest  nnd  most  delicate  of  their  constituent 
parts  are  of  such  minute  dimensions,  that  our  senses  have  no  hold 
on  them.  It  is  then  well  to  have  recourse  to  analogy,  and  to 
study  the  organization  of  animals  that  exhibit  the  same  organs  on 
a  larger  scale.  Thus,  the  cellular  texture  of  the  lungs,  which 
cannot  be  distinctly  shewn  in  man,  on  account  of  the  extreme 
minuteness  of  the  smallest  bronchia?,  may  be  satisfactorily 
seen  hi  the  vesicular  lungs  of  salamanders  and  frogs.  In 
like  manner,  the  scales  which  cover  the  bodies  of  fishes  and 
reptiles,  or  the  legs  of  birds,  give  us  a  just  idea  of  the  structure  of 
the  epidermis,  and  of  the  arrangement  of  its  small  scales,  which 
lie  over  each  other,  in  a  part  of  their  surface. 

The  human  stfucture  being  more  complicated,  must,  produce 
effects  more  numerous,  and  results  more  varied,  and  more  difficult 
to  understand.  In  commencing  the  study  of  the  animal  organiza- 
tion by  that  of  man,  wedo  not,  therefbre,foUow  the  analytic  method  i 
we  do  not  proceed  from  w  hat  is  simple,  to  what  is  more  complex. 
It  would  perhaps  be  an  easier  and  a  more  natural  way  of  arriving 
ut  a  solution  of  the  grand  and  difficult  problem  of  the  animal  eco- 
comy,  to  begin  by  explaining  its  most  simple  terms;  to  rise  by 
degrees  from  plants  to  vegetating  animals,  as  polypi ;  from  these 
to  white-blooded  animals,  then  to  fishes  and  reptiles ;  from  the 
latter  to  warm-blooded  animals,  and  lastly  to  man  himself,  placed 
at  the  head  of  that  long  series  of  beings  whose  existence  becomes 
complicated,  in  proporton  as  they  approach  him. 

The  study  of  every  part  of  natural  history,  and  especially  of 
comparative  anatomy,  cannot  fail,  therefore,  to  piove  of  infinite 
ail  vantage  to  the  physiologist;  a  truth  well  expressed'  by  the 

where  those  animnls,  and  plants,  and  minerals  would  he  found  which  were 
wanting  to  All  up  the        in  the  immense  series  of  co-ordinate  existence  ? 

^'noiulralnmfnU  rt  hoc,nulttwi  rem  contrarian,  vcl  omnino  mult  am  diptr- 
•t'li'i  'j'lali/vhi  riclptft pu,;?t  nhi  per  media  print  iter  feu  ril. 

V<  \i.r.\v .  <'   Usd  parti'im,  lib.  1.  cip.  19. 
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eloquent  M.  do  Bufion*,  who  says,  (hat  if  there  existed  no  ani- 
mals, the  nature  of  man  would  be  still  more  incomprehensible. 

I  shall  say  nothing  of  the  well  known  relations  of  physiology 
to  medical  science,  of  which  it  is  justly  considered  as  the  base 
or  support.  Medicine,  called  by  some  the  art  of  healing,  by 
others  more  properly,  the  art  of  treating  diseases,  may  be  defined 
the  art  of  preserving  health,  of  curing  diseases,  or  of  rendering 
them  more  supportable;  medicine,  in  all  its  parts,  is  enlightened 
by  physiology,  and  cannot  have  a  surer  guide.  Owing  to  a  neglect 
of  this  auspicious  guide,  therapeutics  and  materia  medica  long 
remained  involved  in  a  mist  of  conjectures  and  hypothesis.  Phy- 
sicians should  never  for  a  moment  forget,  that  as  a  great  number* 
of  diseases  consist  in  a  derangement  of  the  vital  functions,  all  their 
efforts  should  tend  to  bring  back  sensibility  and  contractility  to 
their  natural  condition  ;  that  the  best  classification  of  diseases  and 
of  medicines,  is  that  \\  hich  is  founded  on  a  judicious  distinction  of 
the  vital  powers.  With  this  view  it  is  that  M.  Alibert,  in  his 
elements  of  materia  medica,' Classes  medicines  according  to  their 
effects  on  sensibility  or  contractility,  and  according  to  the  organs 
on  which  their  action  is  particularly  exerted. 

§  XII.  CLASSIFICATION  OF  THE  VITAL  FUNCTIONS 

After  having  treated  separately  of  the  vital  powers  or  faculties, 
nothing  is  easier  than  to  arrange,  in  a  clear  and  methodical  order, 
the  functions  carried  on  by  the  organs  which  these  powers  call 
into  action.  The  term  function  might  be  defined,  means  of  exist- 
ence. This  definition  would  be  the  more  just,  as  life  is  only  the 
exercise  of  these  functions,  and  as  it  ceases,  when  any  one  of  the 
more  important  can  no  longer  be  carried  on.  From  not  distin- 
guishing the  faculties,  from  the  functions  which  are  merely  the 
acts  of  the  faculties  or  powers,  several  modern  divUions,  though 
fur  preferable  to  the  old  classification  of  (he  functions  into  vital, 
animal  and  natural,  are,  nevertheless,  deficient  in  accuracy  and 
simplicity.    Thus  Vicq-d'Azyr  in  the  classification  of  the  pheno- 

»•  Histoirenat.  torn.  V.  12mn.  p.  211.  Discours  sur  la  nature  desanimaux. 

+  All  diseases  consist  in  physical  derangement*,  as  solutions  of  continuity, 
displacements,  organic,  alterations,  as  polypi,  aneurysms,  and  oilier  affections 
resulting  from  organic  affection  and  alteration  of  structure;  vital  fniont,  aj 
fevers,  ataxia-,  adynamia,  vesania;,  &.C.  sec  pivsograj/hic  Chirurgicalc 
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mena  of  physiology,  inserted  in  tlio  discourse  which  ho  has  prefixed 
to  his  work  on  Anatomy,  mistakes  the  cause  for  the  effect,  and 
places  sensibility  and  irritability  among  the  functions,  and  com- 
mits another  mistake,  by  ranking  among  the  latter,  ossification, 
which  is  but  a  peculiar  mode  of  nutrition,  belonging  to  parts  of  a 
hard  structure. 

The  best  method  of  classing  the  actions  which  are  performed  in 
the  lixing  human  body  is,  doubtless,  that  by  Avhich  they  are  dis- 
tributed and  arranged  according  to  the  object  which  they  fulfil — 
Aristotle,  Dull  on,  and  especially  Cirimaud,  have  laid  on  that  base 
the  foundation  of  a  method  w  hich  we  shall  adopt,  with  the  modifi- 
cations which  we  are  about  to  mention. 

Aristotle  and  BuQ'on  had  observed,  that  among  the  acts  of  the 
living  economy,  some  were  common  to  all  beings  that  have  lifc,  to 
plants  and  animals  during  sleep  and  in  waking,  while  others  seemed 
to  belong  exclusively  to  man,  and  to  the  animals  which  more  or 
less  resemble  him.  Of  these  two  modes  of  existence,  the  one 
vegetative,  the  other  animal,  the  former  appeared  to  them  the 
more  essential,  as  being  more  diffused  and  consisting  merely  in 
the  assimilation  of  nutritive  molecules,  in  the  nutrition  absolutely 
necessary  to  the  preservation  of  the  living  being*,  who,  as  his 
substance  is  incessantly  wasting,  would  soon  cease  to  exist,  if  these 
continual  losses  were  not  always  repaired  by  the  act  of  nutrition. 

Grimaud,  Professor  of  Physiology  at  Montpellier,  too  soon  lost 
to  the  science  which  he  cultivated  as  a  philosopher  truly  deserving 
that  name,  adopted  this  simple  and  luminous  division,  developed 
it  better  than  had  been  done  before  him,  and  uniformly  followed  it 
in  his  lectures  and  in  his  works!.    This  division  of  the  functions 

*  .Yam  anima  nntritiva  ttium  aliis  in  tit,  et  prima  tt  maxima,  communis  fucultas 
auimu;,  secundum  quam  omnibus  civere  intst.    Aiustot.,  dc  anim.  lib.  2.  cap.  4. 

+  Tn  bis  .M.  S.  lectures  on  Physiology,  he  seems  lo  feel  a  complacency  in 
that  divUion  w  hich  he  had  in  a  manner  appropriated  to  himself,  by  bis  happy 
illustrations  of  it,  and  by  the  changes  which  he  ha<l  introduced  into  it.  In 
every  lecture,  I  might  almost  say  in  every  page,  be  returns  to  this  division,  ex- 
plains it,  dilates,  and  comments  upon  it.  "  The  functions,"  "  says  he,"  "maybe 
"  divided  into  two  great  classes  ;  someare  performed  in  the  interior  of  the  body 
"  and  exclusively  belong  to  it ;  others  take  place  outwardly  and  belong  to  c'xter- 
"  nal  objects,  &e."  The  digestive  power  presides,  in  bis  opinion,  over  the  inter- 
nal  function*  whose  object  is  nutrition;  The  loco.motive  power  directs  the 
external  functions.  "  It  is  by  means  of  (he  organs  of  sense  that  the  animal 
enlarges  hi,  cxiatcncc,  that  he  applies  and  distributes  it  on  the  surrounding 
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into  internal,  which  he  likewise  calls  digeslivc,  and  into  ekti  in.it 
or  loco-motive,  lately  brought  forward  under  the  name  of  organic 
and  aniniaL  the  former  of  which  (erms  U  quite  inaccurate  and  ef- 
fective, sine  it  leads  to  a  belief,  that  the  animal  life  or  of  relation 
is  not  confided  to  organs,  and  that  their  vilal  instruments  are 
solely  employed  on  internal  life  or  of  nutrition  (MiAus  asainiilali- 
onis%  Bacon';  Bias  alti-ralivum  Vanhelinont):  This  distinction 
does  not  comprehend  the  whole  of  the  phenomena,  and  does  not 
embrace  the  sum  of  the  functions  which  are  performed  in  tho 
animal  economy.  Tn  fact,  there  are  not  found  in  the  two  great 
classes  which  it  establishes,  the  acts  by  which  animal*  and  vegeta- 
bles re-produce  and  perpetuate  themselves,  and  immortalize  the 
duration  of  their  species.  All  the  functions  destined  to  the  pre- 
servation of  (he  species  are  not  included  ;  they  merely  relate  to  the 
functions  subservient  to  the  preservation  of  individuals. 

I  have,  therefore,  thought  it  right  to  include  under  two  general 
classes,  in  the  first  place,  the  functions  which  belong  to  the  preser- 
vation of  the  species,  functions  without  which  man  might  exist,  as 
we  see  in  eunuchs,  but  without  which  the  human  species  would  soon 
perish,  from  a  loss  of  the  power  of  re-production.  1  n  laying  down 
these  two  great  divisions,  I  have  merely  considered  the  object 
and  end  which  each  function  has  to  fulfil. 

Among  the  functions  which  are  employed  in  the  preservation  of 
the  individual,  some  fulfil  this  office  by  assimilating  to  his  own 
substance  the  food  with  which  he  is  nourished;  the  others,  by 
establishing,  in  a  manner  suited  to  his  existence,  his  relations  with 
the  beings  which  surround  him. 

The  functions  destined  to  the  preserfation  of  the  species,  may 
likewise  be  divided  into  two  classes.  Those  of  the  lirst  class 
require  the  concourse  of  two  sexes;  they  constitute  generation, 
properly  so  called;  those  of  the  second  order,  exclusively  belong 
to  the  female,  who,  after  conception,  is  alone  destined  to  bear,  to 
nourish,  to  bring  into  the  world,  and  suckle  the  new  being,  the 
result  of  conception. 

The  internal,  assimilating,  or  nutritive  functions  concur 
in  the  same  end,  and  all  serve  to  the  elaboration  of  the 
nutritive  matter.    The  aliment  once  admitted  into  the  body,  is 

objects,  that  he  takes  cognizance  of  the  qualities  in  those  objects  which  concern 
him  ;  it  is  by  means  of  tho  muscles  essentially  obedient  to  the  organs  of  si  n.-, 
that  he  adapts  himst  If  to  ilio.-c  objects,  that  he.  places  himself  in  a  manner  d  i  <• 
to  the  niode  of  their  activity.  &c." 
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subjected  to  the  action  of  the  digestive  organs,  which  separate  its 
uu.ritive  parts:  the  absorbents  take  it  up  and  convey  it  into  the 
mass  of  fluids;  the  circulatory  system  conveys  it  to  nil  the  parts  of 
the  bodv,  nukes  it  flow  towards  the  organs;  the  lungs  and  the 
secretory  glands  supply  it  with  certain  elements,  and  deprive  it  of 
other*,  alter,  modify,  and  animalize  it;  in  fine,  nutrition,  which 
may  be  considered  as  the  complement  of  the  assimilating  functions, 
whose  object  it  is  to  provide  for  the  maintenance  and  growth  of  the 
organs,  applies  to  them  this  animalized  substance,  assimilated 
by  successive  acts,  when  it  has  become  quite  similar  to  them. 

Several,  however,  of  these  functions,  serve  at  ouce  to  preserve 
and  to  destroy.  Absorption,  which  takes  up  extraneous  molecules 
to  be  employed  in  the  growth  of  the  organs,  takes  up  equally  the 
organic  molecules  which  are  detached  by  motion,  friction,  heat, 
aud  all  ihe  other  physical,  chemical,  and  vital  causes.    The  action 
of  the  heart  and  of  the  blood  vessels  sends  these  fragments,  to- 
gether with  the  parts  truly  recrementitious,  towards  the  lungs, 
which,  at  the  same  time  that  they  bring  about  a  combination  of 
the  nutritive  parts  with  the  oxygen  of  the  atmosphere,  separate 
from  the  blood  the  materials  which  can  no  longer  be  employed  in 
nourishing  the  organs  ;  the  same  power  sends  them  towards  the 
secretory  glands,  which  not  only  purify  what  is  liquid,  by  sepa- 
rating from  it,  that  which  cannot  without  danger  remain  in  the 
animal  economy,  but  which  likewise  elaborate  or  prepare  peculiar 
fluids,  some  of  which  are  results  of  the  act  of  nutrition, :  are  em. 
ployed  in  that  act,  and  impart  to  the  substances  on  which  it  is  per- 
formed a  certain  degree  of  animalization  (as  to  the  bile  and  saliva), 
while  the  others  seem  to  be  intermediate  states,  which  the  nutritive 
particles  of  the  food  are  obliged  to  undergo,  before  complete 
animalization ;  such  are  the  serous  fluids  and  the  fat. 

It  might  perhaps  seem  more  in  conformity  to  the  order  of 
nature,  to  hav  combined  the  account  of  respiration  with  that  of 
the  ci.culation,  by  treating  of  the  course  of  the  venous  blood,  after 
the  action  of  the  absorbent  vessels,  with  which  the  veins  have  so 
much  analog—Then  to  have  treated  of  the  phenomena  of  respi- 
ration, or  of  the  conversion  of  the  venous  blood  into  arterial,  and 
Of  the  course,  of  the  latter  into  all  the  parts  of  the  body,  by  the 
action  of  the  heart  and  arteries  j  but  the  advantage  which  would 
be  obtained  from  a  method  so  contrary  to  the  common  practice, 
"hichisto  consider  separately  the  functions  of  circulation  and 
respiration,  appeared  tome  too  unimportant  to  justify  it.s  adoption. 
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The  external  or  relative  functions,  equally  connected  by  their 
common  destination,  connect  the  individual  to  every  thing  (hat 
surrounds  him  ••  the  sensations,  by  warning  him  of  the  presence 
of  objects  which  maybe  useful  or  injurious  to  him  ;  motion,  by 
enabling  him  to  approach,  or  avoid  such  objects,  according  as  he 
perceives  relations  of  advantage  or  disadvantage,  according  as  the 
opposite  sensations  of  pain  or  pleasure  result  from  his  action  on 
them,  or  from  theirs  on  him.  In  fine,  voice  and  speech  give  him 
communication  with  beings  enjoying  the  same  means  of  commu- 
nication, and  that  without  a  necessity  of  motion.  The  brain  is 
the  principal  organ  of  these  functions,  as  the  system  of  circulation 
is  the  centre  of  tho  assimilating  functions.  All  the  impressions 
received  by  the  organs  of  sense,  are  transmitted  to  the  brain, 
and  from  the  brain,  determinations  arise,  as  well  as  the  voluntary 
motions  and  the  voice.  The  sanguineous  system  receives  the 
molecules  destined  to  nutrition,  and  those  which  are  to  be  thrown 
out  of  the  body.  The  sensitive  and  circulatory  systems  are  the 
only  systems  provided  with  a  centre  (the  brain  and  the  heart), 
which  extend  to  all  parts  of  the  body,  by  emanations  originating 
from  that  organ,  or  terminating  in  it  (the  nerves,  the  arteries,  and 
veins):  and,  as  the  motions  and  the  voice  depend  on  sensation, 
and  are  immediately  connected  with  it  as  necessary  consequences, 
so,  respiration,  secretion,  and  nutrition  are,  in  a  manner,  but  con- 
sequences  of  the  circulation  w  hich  distributes  the  blood  to  all  the 
organs,  in  order  that  these  may  produce  on  it  various  changes 
which  constitute  respiration,  secretion,  and  nutrition.  They  are, 
to  anticipate  what  is  to  come  hereafter,  only  diflerent  kinds  of 
secretion  that  take  place  at  the  expence  of  the  difteient  principles 
contained  in  the  blood. 

The  circulation  which  holds  the  functions  of  nutrition  in  a  kind 
of  dependence,  subjects  the  brain,  which  is  the  priwcipal  organ 
of  the  external  functions,  to  an  influence  still  more  immediate  and 
indispensable.  The  muscular  motions  are  not  less  under  its  in. 
fluence.  It  is  the  first  function  that  is  apparent  in  the  embryo, 
whose  evolution  it  brings  about;  in  natural  death,  of  all  the  forte* 
tions,  it  is  the  last  to  cease.  These  are  many  reasons  which 
justify  Ilaller,  for  having  placed  it  in  the  first  order,  and  for  having 
begun  by  its  history,  his  great  work  on  physiology.  1  enter  iuto 
this  digression,  only  to  expose  the  absurdity  of  the  claims  of  some 
authors,  who,  because  they  have  varied  the  methodical  order  of 
the  functions,  broken  the  series,  or  made  the  slightest  changes, 
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for  example,  by  placing  the  history  of  the  function  of  smell  and 
taste  before  the  account  of  the  internal  or  nutritive  functions, 
think,  they  have,  totally  changed  the  aspect  of  the  science  :  pitiful 
sophists,  -who  accumulate  subtleties  instead  of  facts  and  ideas. 

In  warm,  and  red-blooded  animals,  the  nutritive  functions, 
digestion,  absorption,  circulation,  respiration,  the  secretions  and 
digestion  are  performed  as  in  man,  and  in  that  respect,  there  ex. 
■ist  between  them  very  slight  differences;  nay,  in  some  animals, 
those  functions  are  performed  with  much  more  energy — Thus  se- 
veral animals  digest  substances,  on  which  our  own  organs  produce 
no  effect,  and  others  (birds)  have  a  more  rapid  circulation,  a  more 
active  nutrition,  and  evolve  more  heat.  But  not  one  of  them  is  as 
well  provided  with  organs  to  keep  up  intercourse,  as  a  living  be- 
ing, with  the  surrounding  objects.  In  no  one  animal,  are  the 
senses  possessed  of  the  same  degree  of  perfection  ;  the  eagle, 
whose  sight  is  so  piercing,  has  a  very  dull  sense  of  touch,  taste, 
and  smell.  The  dog,  whose  smell  is  exquisite,  has  a  very  ordinary 
extent  of  sight ;  in  him,  the  taste  and  touch  are  equally  imperfect 
— His  touch,  in  the  perfection  of  which,  no  animal  comes  up  to 
man,  has  not  been  improved  in  delicacy,  at  the  expence  of  the 
other  senses.  The  sight,  the  hearing,  the  taste  and  smell,  pre- 
serve a  great  delicacy,  when  their  sensibility  has  not  been  impair- 
ed, by  injudicious  or  too  frequent  impressions.  The  sensitive 
centre  is  in  no  one  better  developed,  and  fitter  to  direct  safelv  the 
use  of  the  organs  of  motion.  IV  o  other  animal  can  articulate  vo- 
cal sounds,  so  as  to  acquire  speech. 

This  greater  extension  of  life  in  man,  from  the  number  and  per- 
fection of  his  organs,  makes  him  liable  to  many  more  diseases  than 
the  other  animals.  It  is  with  the  human  body,  as  with  thos'e  ma- 
chines which  become  more  -liable  to  be  deranged,  by  increasing  the 
number  of  their  wheels,  with  a  view  of  obtaining  more  extensive 
or  more  varied  effects. 

All  organized  bodies  are  possessed  of  assimilating  functions  ; 
but  as  assimilation  requires  means  varying  in  number  and  power, 
according  to  the  nature  of  the  being  which  performs  it,  the  series  of 
it  -inriilating  phenomena  commences  in  the  plant  by  absorption, 
since  it  draws  immediately  from  the  earth,  the  juices  which  it  is 
to  appropriate  to  itself.  Jts  absorbing  system,  at  tile  same  time 
performs  the  functions  of  a  circulatory  organ,  or  rather,  the  cir- 
culation does  net  exist  in  plants,  and  the  direct  and  progressive 
motion  of  the  sap  which  ascends  from  the  root    towards  tho 
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branches,  -and  sometimes  in  a  retrograde  course,  from  the  bra::.'-i 
toward:;  the  roots,  cannot  be  compared  lo  the  circulation  of  the 
fluids  w  hich  takes  place  in  man,  and  in  the  animals  which  most  r<*. 
sem  .  ie  him,  by  means  of  a  system  of  vessels  which  ever)  moment 
being  ..ack  the  fluids  to  the  same  spot,  and  convey  them  over  the 
•whole  body,  by  making  thorn  describe  a  complete  circle,  fre- 
quently, even,  a  double  rotation  (animals  with  a  single  or  double 
circulation,  that  is,  whose  heart  has  one  or  two  ventricles.)  Plant! 
breathe  after  thejr  own  manner,  and  produce  a  change  in  the  at- 
mospherioal  air-  by  depriving  it  of  its  carbonic  acid  gas,  the  re- 
sult .of  combustion  and  of  animal  respiration,  so  that  by  a  truly 
admirable  reciprocity,  plants,  which  decompose  carbonic  acid  and 
allow  -oxygon  to  exhale,  continually  purify  the  air,  which  com- 
bustion and  animal  respiration  are  incessantly  contaminating. 

The  functions  preservative  of  the  species  are  common  to  animals 
and  plants.  The  organs  by  which  these  functions  are  performed, 
when  compared  in  these  two  kingdoms  of  nature,  offer  a  resem- 
blance which  has  struck  all  naturalists,  and  has  led  them  to  observe, 
that  of  all  the  acts  of  vegetable  life,  no  one  is  more  analogous  to 
the  animal  economy,  than. that  by  which  fecundation  is  effected. 

We  shall  not  here  explain  the  general  characters  of  the  two 
orders  of  functions  which  are  subservient  to  the  preservation  of 
the  species:  the  differences  which  belong  to  them  are  pointed  out 
in  several  parts  of  this  work.*  I  shall  merely  observe  with  the 
authors  who  have  considered  them  generally,  that  they  are  in  an 
inverse  ratio  to  each  other,  so  that,  in  proportion  as  the  activity 
of  the  assimilating  functions  increases,  that  of  the  external  func- 
tions is  abated.  Grimaud  has,  in  the  most  complete  manner, 
illustrated  this  idea  of  the  constant  opposition  which  exists  be-  1 
tween  those  two  series  of  actions,  over  which,  in  the  opinion  of 
that  physician,  there  preside. two  powers  which  he  calls  loco- 
motive and  digestive.  It  is  in  no  kind  of  animals  more  distinct 
than  in  the  carnivorous,  -which  possess  organs  of  sense  of  the 
greatest  delicacy,  together  with  muscles  capable  of  prodigious 
efforts,  and  yet  powers  of  assimilation  so  feeble,  that  their  food 


*  Especially  in  the  account  of  living;  beings,  §  V.  of  the  preliminary 
discourse  ;  articles  sleep  and  fttus.  It  is  impossible  at  present  lo  go 
over  all  these  distinctions,  without  entering  into  useless  and  disagreeable 
repetitions. 
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cannot  bo  digested,  unless  it  be  composed  of  materials  analogous 
in  composition  to  their  owu  organs*. 

Too  much  importance  should  not  be  attached  to  this  classifica- 
tion, like  all  other  divisions,  it  is  purely  hypothetical.  All  is  con- 
nected together,  all  is  co-ordinate  in  the  animal  economy  :  the 
functions  are  linked  together,  and  depend  on  one  another,  and  are 
performed  simultaneously ;  all  represent  a  circle  of  which  it  is 
not  possible  to  mark  the  beginning  or  the  end.  In  circulum 
abeunt  (Hippocrates).  Tn  man,  while  awake,  digestion,  absorp- 
tion, circulation,  respiration,  secretion,  nutrition,  sensati  on, 
motion,  voice,  and  even  generation,  may  be  performed  at  the 
same  time  ;  but,  w  hoever  in  the  study  of  the  animal  economy 
should  bestow  his  attention  on  this  simultaneous  exertion  of  the 
functions,  would  acquire  but  a  very  confused  knowledge  of 
thcnvK 

By  becoming  familiar  with  these  abstractions,  one  might  soon 
mistake  them  for  realities;  one  might  even  go  the  length  of  seeing 
two  distinct  lives  in  the  same  individual  ;  one  would  be  apt  to 
assign  as  the  character  of  internal  life,  that  it  is  carried  on  by 
orgaus  independent  of  the  will.  Although  this  faculty  of  the 
soul  presides  over  the  phenomena  of  respiration,  of  mastication, 
of  the  expulsion  of  the  urine  and  faeces,  one  might  consider  life 

*  In  carnivorous  nnimals,  (he  power  of  digestion  is  exceedingly  weak  ;  hut 
(heir  muscles  are  very  powerful.  This  relative  force  of  the  muscles  was  neces- 
sary in  carnivorous  animals,  as  they  live  by  depredations  and  slaughter,  as 
their  instinct,  in  unison  with  their  organization,  sets  them  constantly  at  war 
■with  every  thing  that  has  life,  and  as  their  subsistence  depends  on  their  being 
victorious  iu  the  battles  to  which  Nature  incessantly  calls  them. 

Gkimaud,  first  Memoir  on  Nutrition. 

+  The  division  which  I  lay  down,  is  not  to  be  strictly  adopted,  and  a* 
being  absolutely  true.  It  is  a  mere  hypothesis  to  be  attended  to,  only 
in  so  far  as  it  assists  in  arranging  one's  ideas  in  a  more  orderly  manner.  For, 
rverv  arrangement,  even  when  arbitrary,  is  useful  in  laying  before  us  a  great 
number  of  idea?,  and  in  thereby  facilitating  the  comparison  that  is  to  be  insti- 
tuteJ  among  them.  All  the  acts  of  Nature  are  so  connected,  and  are  linked 
•together  in  so  close  an  union,  and  she  passes  from  the  one  to  the  other,  by  such 
uniform  motions,  and  by  gradations  so  insensible  and  so  adjusted,  as  to  leave 
r.'i  cj>nce  for  us  to  lay  down  the  lines  of  separation,  or  demarcation,  which  w  e 
may  choose  t»  draw.  All  our  methods  of  classing  and  arrangingjhe  productions 
of  nature,  are  men-  attractions  of  tin  min  ',  which  does  not  consider  things  as 
they  re-illy  are,  but  which  attends  to  certain  qualities,  and  neglects  or  rejects 
all  the  rest. 

GntM.vun,  Lectures  on  Physiology. 
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as  infru?tcd  to  uniyriimetftcal  organs,  although  the  heart,  the 
lungs,  and  the  kidneys,  are  evidently  symmetrical ;  one  might 
fancy  it  to  exist  in  the  ftt'tus,  which  neither  breathes,  nor  digests, 
&c.  Nothing  in  the  animal  economy,  said  Galen,  is  ruled  by 
invariable  laws,  or  can  be  subject  to  the  same  accurate  results 
and  calculations,  as  an  inanimate  machine  (Nil  est  in  corpore 
viventi  plane  sincerum.  G.\u:n).  Thus,  respiration,  which 
connects  the  external  and  assimilating  functions,  furnishes  the 
blood  with  the  principle  which  is  to  keep  up  the  action  of  the 
prain,  and  to  excite  muscular  contractions. — On  the  other  hand, 
the  motion  of  the  muscles  is  of  use  in  the  distribution  of  the 
humours,  and  concurs  in  the  phenomena  of  assimilation.  The 
brain,  by  means  of  the  eighth  pair  of  nerves,  holds  influence  over 
the  stomach.  The  sensations  of  taste  and  smell  seem  to  preside, 
in  an  especial  manner,  over  the  choice  of  food  and  of  air,  and  to 
belong  rather  to  the  digestive  and  respiratory  functions,  than  to 
those  of  the  intellect  or  of  thought. 

We  have  seen  in  this  kind  of  general  introduction  to  the  study 
of  physiology,  what  idea  is  to  be  formed  of  that  science  as  -well 
as  of  life,  the  study  of  which  is  its  object ;  into  how  many  classes 
the  beings  in  nature  may  be  divided,  and  into  how  many  elements 
they  are  resolvable  :  what  differences  exist,  between  inorganized, 
and  organized  and  living  bodies,  between  plants  and  animals;  how 
life  is  complicated,  modified,  and  extended,  in  the  immense  series 
of  beings  which  are  endowed  with  it,  from  the  plant  to  man;  and 
in  further  particularizing  the  object  under  our  consideration, 
we  have  examined,  what  are  the  organs  which,  by  their  union,  form 
the  human  machine;  what  powers  •  govern  the  exercise  of  their 
functions:  Then,  we  have  laid  down  the  fundamental  laws  of 
sensibility  and  contractility,  we  have  spoken  of  sympathies  and 
habits,  of  the  internal  nervous  apparatus,  which  unites,  collects, 
and  systematizes  the  organs  of  the  assimilating  functions;  we 
have  endeavoured  to  determine  from  facts,  the  existence  of  the 
cause  which  subjects  living  beings  to  a  set  of  laws  very  different 
from  those  which  inorganic  matter  obeys.  The  knowledge  of 
these  laws,  is  the  light  which  is  .to  guide  us  in  the  application  to 
physiology  of  the  accessory  sciences.  Finally,  in  the  arrangement 
of  the  objects  which  this  science  considers,  I  have  a  iopted  a  more 
simple  and  natural  division,  than  any  hitherto  employed. 

I  shall  close  this  preliminary  discourse,  by  saying  a  few  words 
on  the  order  adopted  in  the  distribution  of  the  chapters,    i  might 
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hare  begun  by  a  view  of  the  external  functions,  as  well  as  of  those 
of  assimilation  or  nutrition,  of  sensation,  or  of  digestion.  I 
have  given  precedence  to  the  functions  of  assimilation,  because  of 
all  others,  they  are  the  most  essential  to  existence,  and  their 
exercise  is  never  interrupted,  from  the  instant  in  which  the  em- 
bryo begins  to  live,  till  death.  In  beginning  with  an  account  of 
them,  we  imitate  nature  therefore,  who  imparts  to  man  this  mods 
of  existence,  before  she  has  connected  him  with  outward  objects, 
and  who  does  not  deprive  him  of  it,  until  the  organs  of  sense,  of 
motion,  and  of  the  voice  have  completely  ceased  to  act. 

As  to  the  course  which  has  been  followed  in  the  arrangement 
of  the  functions  that  belong  to  the  same  order,  or  which  concur  in 
the  same  end,  it  was  too  well  laid  down  by  nature,  to  allow  us  to 
depart  from  it.  I  have  thought  it  right,  that  the  consideration; 
of  the  voice  should  immediately  precede  that  of  generation,  in 
order  that  the  arrangement  might,  at  a  glance,  shew  the  connexion 
which  exists  between  their  phenomena.  Several  animals  use  their 
voice,  only  during  the  season  of  love ;  the  birds  which  sing  at  alt 
times,  hare,  during  that  period,  a  more  powerful  and  sonorous 
voice.  When  man  becomes  capable  of  reproduction,  his  vocal 
organs  suddenly  become  evolved,  as  though  nature  had  wished  to 
inform  him,  that  it  is  through  them  he  is  to  express  his  desires  to 
the  gentle  being  who  may  sympathize  in  them.  The  voice,  there- 
fore, serves  as  a  natural  connexion,  between  the  external  func- 
tions, and  those  which  are  employed  in  the  preservation  of  the 
human  species. 

The  voice,  which  leads  so  naturally  from  the  functions  which 
establish  our  external  relations,  to  those  whose  end  is  the  preserva- 
tion of  the  species,  is  still  more  intimately  connected  with  motion. 
It  is,  in  a  manner,  the  complement  of  the  phenomena  of  loco- 
motion; by  means  of  it,  our  communication  with  external  objects 
is  rendered  easier,  mere  prompt,  and  more  extensive:  it  de- 
pends on  muscular  action,  and  is  the  result  of  voluntary  motion. 
Finally,  these  motions  sometimes  supply  the  place  of  speech,  in 
pantomime,  for  example,  and  in  the  greater  number  of  cases, 
the  language  of  action  concurs  in  adding  to  its  effect.  Every 
thing,   therefore,  justifies   me  in   placing  this  function  after 
motion,  in  separating  it  from  respiration,  with  which  every  other 
author  has  joined  it,  without  considering  that  the  relation  between 
the  voice  and  respiration  is  purely  anatomical,  aud  can,  thefefore„ 
in  no  wise  apply  to  physiology. 
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I  have  placed  after  generation,  an  abridged  account  of  life  and 
death,  in  which  'vill  be  found,  whatever  did  not  belong  to  any  of 
the  preceding  divisions.  Thi  necessity  of  this  appendix,  contain- 
ing the  history  of  the  different  periods  of  life,  that  of  the  tempera- 
ments and  varieties  of  the  human  species,  that  of  death  and  putre- 
faction, arises  from  the  impossibility  of  introducing  into  the  par, 
ticular  history  of  the  functions,  these  genera!  phenomena  in  which 
they  all  participate. 


FIRST  CLASS. 


LIFE  OF  THE  INDIVIDUAL. 


FIRST  ORDER. 


FUNCTIONS    OF  ASSIMILATION, 


Or,   Functions    which  are  subservient  to  the  preservation  of 
the  Individual,  by  assimilating  to  his  substanoe,  the  food 
by  which  he  is  nourished. 


NEW  ELEMENTS 

OF 

PHYSIOLOGY. 


CHAPTER  I. 

OF  DIGESTION. 

I.  Digestion  is  a  function  common  to  all  animals,  by  which 
snbstauces  extraneous  to  them,  are  introduced  into  their  body, and 
subjected  to  the  action  of  a  peculiar  system  of  organs,  their 
qualities  altered,  and  a  new  compound  formed,  fitted  to  their 
nourishment  and  growth. 

II.  General  considerations  on  the  Digestive  organs.  Animals 
alone  are  provided  with  organs  of  digestion  ;  all  of  them,  from 
man  down  to  the  polypus,  contain  an  alimentary  cavity  variously 
shaped.  The  existence  of  a  digestive  apparatus  may,  therefore, 
be  taken  as  the  essential  characteristic  of  the  animal  kind.  In 
man,  this  apparatus  consists  of  a  long  tube  extending  from  the 
mouth  to  the  anus:  within  this  canal,  there  empty  themselves 
the  excretory  ducts  of  several  neighbouring  glands,  that  secrete 
fluids  fit  for  changing,  for  liquefying,  and  animalizing  the  alimen. 
tary  substance.  The  different  parts  of  this  digestive  tube  are 
not  of  equal  capacity;  at  first,  enlarged  in  the  part  which  forms 
the  mouth  and  pharynx,  it  becomes  narrower  in  the  oesophagus ; 
this  last,  dilating  considerably,  forms  the  stomach,  which  again 
Contracting,  is  continued  down  under  the  name  of  intestine. 
This  tube  itself  varies  in  size  in  different  parts  of  its  extent;  and 
it  is  by  the  consideration  of  these  differences  of  size,  that  ana- 
tomists har*-  principally  been  guided  in  their  divisions. 

The  length  of  the  digestive  tube  is  from  five  to  six  times  the 
length  of  the  whole  body,  in  an  adult  :  it  is  greater  in  proportion 
in  a  child.  At  this  a^e,  likewise,  digestion"  is  more  active,  and 
proportioned  to  the  necessities  of  growth  in  the  individual.  The 
digestive  cavity  is  i-i  man  open  at  both  extremities:  in  some 
»uim<ils,  iu  thtt  zoophyte  for  example,  one  openiug  serves  the 
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purpose  of  mouth  and  of  anus,  receives  the  food  and  ejects  the 
excrementilious  remains. 

The  extent  of  the  digestive  canal  is  according  to  the  nature  of* 
the  aliments  on  which  the  animals  feed:  the  less  those  aliments 
are  analogous  in  their  nature,  to  the  substance  of  the  animal  which 
they  are  to  nourish,  the  longer  must  they  remain  in  his  body  to 
undergo  the  necessary  changes.  Therefore,  is  is  observed,  that 
the  intestine  of  graminivorous  animals  is  very  long,  their  stomach 
very  capacious  and  often  complex,  while  carnivorous  animals  have 
their  intestinal  canal  short  and  strait,  and  so  arranged,  that  the 
animal  substances  which  are  most  nourishing,  in  least  bulk, 
of  easy  and'  rapid  digestion,  which,  by  too  long  a  stay  in 
the  intestines,  might  become  putrid,  pass  readily  through  it. 
In  this  respect,  man  holds  a  middle  station  betweeu  those  animals 
which  feed  on  vegetables,  and  those  which  feed  on  animal  sub- 
stances. He  is,  therefore,  equally  fitted  for  these  two  kkds  of 
food;  he  is  neither  exclusively  herbivorous,  nor  carnivorous,  but 
omnivorous  or  polj/phugous.  This  question,  of  such  easy  solution, 
has  long  employed  physicians,  naturalists,  and  philosophers:  each 
bringing,  in  favour  of  his  opinion,  very  plausible  arguments, 
drawn  from  the  form  and  number  of  the  teeth,  from  the  length  of 
the  intestinal  canal,  from  the  force  of  its  parieties,  &c. 

Theparietes  of  the  digestive  tube  are  essentially  muscular:  a 
mucous  membrane  Hues  its  inside,  forming  within  it  various  folds; 
lastly,  a  third  coat  is  accidentally  placed  over  the  other  two:  and 
is  furnished  by  the  pleura  tq  the  oesophagus,  by  the  peritoneum  to 
the  stomach,  as  well  as  to  the  intestinal  canal. 

The  characteristic  of  this  third  coat  is,  that  it  does  not  cover 
the  whole  surface  of  the  parts  of  the  tube  to  which  it  is  applied. 
The  muscular  coat  may  be  considered  as  a  long  hollow  muscle, 
extending  from  the  mouth  to  the  anus,  and  formed,  throughout 
almost  all  the  whole  of  its  length,  by  two  layers  of  fibres,  the  one 
set  longitudinal,  the  other  circular.  The  will  directs  the  motions 
of  the  two  extremities,  while  the  rest  of  its  course  is  not  under  its 
controul.  In  the  cells  of  the  tissue  which  unites  its  surfaces  to  the 
other  coats,  fat  never  accumulates,  which  might  have  impeded  its 
contractions,  and  straitened  and  even  obliterated  the  tube  along 

which  the  food  was  to,  pass. 

III.  Of  Food,  solid  and  liquid.  The  aliments  which  nourish 
man,  are  obtained  from  vegetables  or  from  animals.  The  mineral 
kin  2  dom  famishes  only  condiments;mediciual  substances  or  poisons. 
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By  aliment  is  meant  whatever  substance  affords  nutrition,  or 
whatever  is  capable  of  being  acted  npon  by  the  organs  of  diges- 
tion.   Substances  which  resist  the  digestive  action,  those  which 
the  gastric  juice  cannot  sheathe,  whose  asperities  it  cannot  soften 
down,  whose  nature  it  cannot  change,  possess,  to  a  certain  degree, 
the  power  of  disturbing  the  action  of  the  digestive  tube,  which 
revolts  from  whatever  it  cannot  overcome:  there  is  no  essential 
difference  between  a  medicinal  substance  and  a  poison.  Our 
most  active  remedies  are  obtained  from  among  the  poisonous  sub- 
stances: tartar  emetic,  corrosive  sublimate,  opium,  all  of  them 
remedies  of  so  much  efficacy  in  skilful  hands,  when  administered 
unseasonably  or  in  too  strong  doses,  act  as  most  violent  poisons; 
they  forcibly  resist  the  digestive  powers  and  furnish  them  nothing 
to  be  acted  upon,  while  mild  and  inert  substances  yield  to  these 
powers,  and  come  under  the  class  of  aliments.    What  then  is  to 
be  thought  of  our  ptisans,  of  chicken  and  veal  broth,  and  other 
such  remedies?  That  they  are  employed  to  deceive  the  hunger 
and  thirst  of  the  patient,  to  prevent  his  receiving  into  his  stomach, 
substances  whose  laborious  digestion  would  take  up  the  strength 
required  for  the  cure  of  the  disease ;  that  they  are  mere  precautions 
of  regimen,  that  he  who  most  varies  this  kind  of  resource,  can  only 
be  said  to  adopt  a  treatment  of  expectation,  leaving  to  nature 
alone,  the  care  of  exciting  those  salutary  motions  which  are  to 
bring  about  a  cure.    Why  do  certain  vegetable  purgatives,  as 
manna  and  tamarinds,  produce  so  little  effect,  even  though  given 
in  large  doses  ?  Because  these  substances  contain  many  nutritious 
particles  capable  of  being  assimilated,  so  that  strong  constitutions 
digest  them  and  completely  neutralize  their  irritating  or  purgative 
qualities.    An  animal  or  vegetable  substance,  though  essentially 
nutritious,  may  act  as  a  medicine,  or  even  as  a  poison,  when, 
in  consequence  of  the  extreme  debility  of  the  digestive  tube, 
or  because  it  has  not  been  sufficiently  divided  by  the  organs  of 
mastication,  it  resists  the  digestive  action.     Thus  surfeits  are 
brought  on,  because  the  stomach  is  debilitated,  because  it  is  op- 
pressed by  too  great  a  mass  of  substances,  or  because  having  been 
imperfectly  triturated,  they  are  insoluble.    It  is  on  considerations 
of  this  kind,  that  the  true  foundations  of  materia  mcdica  are  laid. 

Mineral  substances  are  of  a  nature  too  heterogeneous  to  our 
own,  to  admit  of  being  converted  into  our  substance.  It  appears 
that  their  elements  require  the  elaboration  of  vegetable  life;  hence. 


82 

it  ha&rbccn  justly  observed,  that  plants  arc  laboratories  in  which 
Mature  prepares  the  food  of  animals. 

Aliments  obtained  from  plants  are  less  nutritious  than  thosi 
fdtnished  by  the  animal  kingdom,  because  in  a  given  bulk,  they 
.contain  fener  parts  that  can  be  assimiliahd  to  our  own  substance. 
Of  all  the  farts  of  vegetables,  the  most  nourishing  is  their  amyla- 
ceous fec.ila,  but  it  yields  the  more  readily  to  the  action  of  the 
digestive  organs,  from  having  already  experienced  an  incipient 
fermentation;  on  that  account,  leavened  bread  is  the  bestof  vege- 
table aliments.  The  flesh  of  young  animals  is  less  nourishing  than 
that  of  the  full-grown,  although,  at  an  early  age,  the  ilesh  of  the 
former  abounds  more  in  gelatinous  juices;  for,  this  abundant 
gelatine  wants  the  necessary  degree  of  consistence. 

However  various  our  aliments  may  be,  t!ie  action  of  our  organs 
always  separates  from  them  the  same  nutritions  principles;  ia 
fact,  whether  we  live  exclusively  on  animal  or  vegetable  sub- 
stances, the  internal  composition  of  our  organs  does  not  alter;  an 
evident  proof,  that  the  substance  which  we  obtain  from  aliments, 
to  incorporate  with  our  own,  is  always  the  same,  and  this  affords 
an  (  xplanation  of  saying  of  the  father  of  physic.  "There  is  but 
one  food,  but  there  exist  several  forms  of  food." 

Attempts  have  been  made  to  ascertain  the  nature  of  this  alimen- 
tary principle,  common  to  all  nutritive  substances,  and  it  is  con- 
jectured, with 'some  probability,  that  it  must  be  analogous  to 
gummy,  mucilaginous,  or  saccharine  substances ;  they  are  all 
formed  from  hydrogen  and  carbon,  are  w  ell  known  to  differ  che- 
mically, only  in  the  different  proportions  of  oxygen  which  they 
contain.  Thus,  sugar  is  a  kind  of  gum,  containing  a  considerable 
quantity  of  oxygen;  and  which  is  reduced,  in  a  certain  degree,  to 
the  state  of  starch,  when  brought  to  a  very  fine  powder  by  means 
of  a  rasp,  fur.  the  friction  disengaging  a  portion  of  its  oxygen,  de- 
prives it  in  part  of  its  flavour,  and  leaves  it  an  insipid  taste,  similar 
to  that  of  fgrinaceous  substances.  Nothing,  in  fact,  nourishes  bet- 
ter, more  quickly,  and  from  a  smaller  bulk,  than  substances  of  (his 
kind.  The  Arab  crosses  the  vast  plains  of  the  desert,  and  supports 
himself  by  swallowing  a  small  quantity  of  gum  arable.  The  nourish- 
ing quality  of  animal  and  vegetable  jellies  is  well  known ;  saccha- 
rine substances  soon  cloy  the  appe'fit<  of  those  who  are  fondest 
of  them.  In  decrepid  old  age  .  sonir  person ;  live  exclusively  on 
engar;  I  know  several  in  that  condition,  who  spend  the  day  in 
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fchewing  this  substance,  which  is  a  laborious  employment  for  their 
feeble  and  toothless  jawsi  Lastly,  milk,  the  sole  nourishment  of 
the  early  periods  of  life,  contains  a  great  proportion  of  gelatinous' 
and  saccharine  matter. 

Though  man,  destined  to  live  in  all  latitudes,  is  formed  to  subsist 
on  all  kinds  of  food,  it  has  been  observed,  that  the  inhabitants  of 
warm  climates  generally  prefer  a  vegetable  diet,  The  Bramins 
in  India,  the  inhabitants  of  the  Canary  Islands,  and  of  the  Brazils, 
$C,  ■who  live  almost  exclusively  on  herbs,  grain,  and  roots,  inhabit 
a  climate,  against  the  excessive  heat  of  which  the}-  have  to  seek 
means  of  protection  :  now,  the  digestion  of  vegetables  is  attended 
with  less  heat  and  irritation.  The  philosophical  or  religious  sects, 
by  which  the  abstinence  from  animal  food  was  considered  as  a  me- 
ritorious act,  were  all  instituted  in  warm  climates.  The  school  of 
Pvthagoras  flourished  in  Greece,  and  the  anchorets,  who,  in  the 
beginning  of  the  Christian  religion,  peopled  the  solitudes  of 
Thebais,  could  not  have  endured  such  long  fastings,  or  supported 
themselves  on  dates  and  water,  in  a  more  severe  climate.  So  that 
the  monks  that  .removed  into  different  parts  of  Europe,  were 
obliged  to  relax  from  the  excessive  severity  of  such  a  regimen, 
and  yielded  to  the  irresistible  influence  of  the  climate  ;  the  most 
austere  came  to  add  to  vegetables,  which  formed  the  base  of 
their  food,  eggs,  butter,  fish,  and  even  water  fowl.  In  books  of 
casuistry,  it  may  be  seen,  on  what  ridiculous  ground?  there  .vas 
granted  a  dispensation  in  favour  of  plovers,  of  water  hens,  wild 
<!:;(  ks,  snipes,  scoters,  birds  whose  brown  flesh,  more  animalized 
and  more  heating,  ought  to  have  been  proscribed  from  'he  kitchen 
of  monasteries,  much  more  strictly  than  that  of  common  poultry. 

Consider  what  is  the  alimentary  regimen  of  the  different  n^ion* 
on  thefaci  of  the  earth,  and  you  will  see,  that  a  vegetable  diet,  u 
preferred  by  the  inhabitants  of  warm  countries:  to  then:,  so- 
briety is  an  easy  virtue;  it  is  a  happy  consequence  of  the  climate. 
Northern  nations,  on  the  contrary,  are  voracious  from  instii.  t  and 
necessity.  They  swallow  enormous  quantities  of  food,  diid  pre- 
fer those  substances  which  in  digestion  produce  the  most  heat. 
Obliged  to  struggle  incessantly  agaiii^he  action  of  cold,  which 
tends  to  benumb  the  vital  powers,  to  suspend  every  organic  motion, 
their  life  is  but  a  continual  act  of  resistance  to  external  influences. 
Let  us  not  reproach  them  with  their  voracity,  and  their  avidity 
for  ardent  spirits  and  fermented  liquors.  Those  nations  that 
inhabit  the  confines  of  the  habitable  world;  in  which  man  it> 
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iCarcel f  abl«  to  ■withstand  the  severity  of  the  climate,  the  inlia- 
bitants  of  Kamtschatka,  the  Samoiedes,  live  on  fish,  that  in  the 
heaps  in  w  hich  they  are  piled  up, have  already  undergone  a  certain 
degree  of  putrefactive  fermentation.  Does  not  the  use  of  a  food  so 
acrid  and  heating,  that  in  our  climate  it  would  inevitably  be  at. 
tended  with  a  febrile  action,  prove  plainly  the  necessity  of  ba- 
lancing, by  a  vigorous  inw  ard  excitement,  the  debilitating  influence 
of  powers  that  are  operating  from  without?  The  abuse  of  spiri- 
tuous liquors  is  fatal  to  the  European  transported  to  the  burning 
climate  of  the  West  Indies.  The  Russian  drinks  spirituous  liquors 
with  a  sort  of  impunity,  and  lives  on  to  an  advanced  age,  amidst 
excesses  under  which  an  inhabitant  of  the  south  of  Europe  would 
sink. 

This  influence  of  climate  affects  alike  the  regimen  of  man  in 
health,  and  that  of  man  in  sickness,  and,  it  has  been  justly  ob- 
served of  medicine,  that  it  ought  to  vary  according  to  the  places 
in  which  it  is  practised. — Barley  ptisan,  honey,  and  a  few  other 
substances,  the  greater  part  obtained  from  the  vegetable  kingdom, 
sufficed  to  Hippocrates  in  the  treatment  of  diseases,  his  therapeu- 
tic treatment  was,  in  almost  every  case,  soothing  and  refreshing. 
Physicians,  who  practise  in  a  climate  such  as  that  of  Greece,  may 
imitate  this  simplicity  of  the  father  of  physic.  Opium,  bark, 
wine,  spirits,  aromatics,  and  the  most  active  cordials  are,  on  the 
other  hand,  the  medicines  suited  to  (he  inhabitants  of  ihe  North. 
The  English  physicians  use,  freely  and  without  risk,  these  medi- 
cines which  elsewhere  would  be  attended  with  the  utmost  danger. 

Simple  aqueous  drinks  promote  digestion,  by  facilitating  the 
solution  of  the  solids;  by  serving  as  a  vehicle  to  their  divided 
parts:  and  when  rendered  active  by  saline  or  other  substances, 
as  spirituous  liquors  are  by  alcohol,  they  are  further  useful  in 
stimulating  the  organs  and  exciting  their  action. 

The  least  compound  drinks  are  possessed,  in  different  degrees, 
of  this  double  property  of  dissolting  solid  aliments,  and  of  stimu- 
lating the  digestive  organs.  The  purest  water  is  rendered  stimu- 
lating by  the  air,  and  by  the  salts  which  it  contains,  in  different 
proportions  ;  and,  to  the  want  of  that  stimulating  quality,  is  to  be 
attributed  the  difficult  digestion  of  distilled  water. 

The  drinks  best  suited  to  the  w  ants  of  the  animal  economy,  are 
those  in  which  the  stimulating  principles  are  blended,  in  due  pro- 
portions, with  the  water  which  holds  them  in  solution.  But  almost 
nil  the  fluids  which  w'e  drink,  contain  ascertain  proportion  of  nu- 
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tritious  particles.  Wine,  for  example,  contains  these  nutritive  par- 
ticle s  in  greater  quantity,  as  it  is  the  produce  of  a  warmer  climate, 
ami  as  saccharine  matter  predominates  in  its  composition.  Tim.', 
Spanish  wines  are  iu  themselves  nourishing,  and  are  perhaps  fitter 
to  satisfy  hunger  than  to  allay  thirst,  while  the  acidulous  Rhenish 
wines,  which  are  merely  thirst-allaying,  scarcely  contain  any 
cordial  quality.  Between  the  two  extremes  are  the  French  wines, 
which  possess,  in  a  nearly  equal  degree,  the  treble  advantage  of 
diluting  the  fluids,  of  stimulating  the  organs,  and  of  furnishing  to 
the  animal  economy  materials  of  nutrition. 

IV.  Of  hunger  and  (hirst.  By  the  words  hunger  and  ihirst, 
are  meant  two  sensations,  which  warn  us  of  the  necessity  of  repair- 
ing the  loss,  which  our  body  is  continually  undergoing  from  the 
action  of  the  vital  principle.  Their  nature,  as  is  well  observed 
by  M.  Gall,  is  not  better  known  than  that  of  thought.  Let  us 
endeavour  to  explain  the  phenomena  by  which  they  are  attended. 

The  effects  of  a  protracted  abstinence  are,  a  diminution  of  the 
weight  of  the  body,  a  diminution  which  becomes  sensible  in  the 
course  of  twenty-four  hours;  a  wasting  of  the  body,  from  the  loss 
of  fat,  discoloration  of  the  fluids,  especially  the  blood,  loss  of 
strength,  excessive  sensibility,  sleeplessness,  with  painful  sensa- 
tions in  the  epigastric  region. 

Death  from  inanition  is  most  easily  brought  on,  in  those  who 
are  young  and  robust.  Thus,  the  unfortunate  father,  whose  hor- 
rible story  has  been  related  by  Dante,  condemned  to  die  of  hunger 
and  shut  up  with  his  children  in  a  dark  dungeon,  died  the  last,  on 
the  eighth  day,  after  having  witnessed,  in  the  convulsions  of  rage 
and  despair,  the  death  of  his  four  sons,  unhappy  victims  of  the 
most  execrable  vengeance  ever  recorded  in  the  history  of  man. 
Haller  has  related,  in  his  great  work  on  physiology,  several 
instances  of  prolonged  abstinence  ;  if  we  are  to  give  credit  to  these 
accounts,  some  of  w  hich  are  deficient  in  the  degree  of  authenticity 
required  to  warrant  belief,  persons  have  been  known  to  pa^i 
eighteen  months,  two,  three,  four,  five,  six,  seven,  and  even  ten 
years,  without  taking  any  nourishment.  In  the  memoirs  of  the 
Kdiuburgh  Society,  is  found  the  history  of  a  woman  w  ho  lived  on 
whey  only,  for  fifty  years.  The  subjects  of  these  casps  are  mostly 
weak,  infirm  women,  living  in  obscurity  and  inaction,  and  iu 
whom  life,  nearly  extinct,  just  shewed  itself,  in  an  almost  insensi- 
ble pulse,  an  unfrequenl.  and  indistinct  respiration.  It  is  a  fact 
well  worthy  of  observation,  that  the  muscles  and  viscera  of  soum 
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of  them  when  examined  after  death,  shone  with  a  tfgbt  evidently 
phosphoric*  Can  it  be  that  phosphorus  is  the  result  of  the  lowest 
degree  of  animalization  ?  It  may  be  easily  conceived 'that  living, 
in  a  manner,  on  their  own  substance,  the  liuids  in  such  persons, 
have  been  frequently  subjected  to  the  causes  which  produce  as- 
similation and  animalization,  and  have  undergone  the  greatest 
alteration  of  which  tii  >y  are  capable. 

The  proximate  cause  of  hunger  has  by  some  been  conceived  to 
depend,  on  tiie  friction  of  the  nervous  papilla?  of  the  empty  stomach 
on  each  other;  by  others,  it  has  been  imputed  to  the  irritation 
produced  on  its  parietes,  by  the  accumulation  of  (he gastric  juice. 
It  has  been  thought  to  depend  on  the  lassitude  attending  the  per- 
manent contraction  of  the  muscular  fibres  of  the  stomach  ;  and  on 
the  compression  and  creasing  of  the  nerves,  during  that  permanent 
constriction;  on  the  dragging  down  of  the  diaphragm  by  the 
liver  and  spleen,  when  the  stomach  and  intestines  being  empty, 
cease  to  support  those  viscera:  a  dragging  which  is  the  greater, 
as  anew  mode  of  circulation  takes  place  in  the  viscera,  which  are 
supplied  with  blood  by  the  cajliac  artery,  and  while  the  stomach 
receives  less  blood,  the  spleen  and  liver  increase  in  weight  and 
size,  because  their  supply  is  increased. 

Those  who  maintain,  that  hunger  depends  on  the  friction  of  the 
parietes  of  the  stomach  against  each  other,  when  brought  together 

an  empty  state,  adduce  the  example  of  serpents,  whose  stomach 
is  purely  membranous,  and  who  endure  hunger  a  long  time,  while 
fowls  whose  powerful  and  muscular  stomach  is  able  to  contract 
strongly  on  itself,  endure  "it  with  difficulty.  But  to  say  nothing 
of  the  great  difference  of  vitality,  in  the  organs  of  a  bird  and  of  a 
reptile,  the  stomach  which  continues  closing  on  itself  as  it  is 
emptied,  may  contract  to  such  a  degree  as  scarcely  to  equal  in 
size  a  small  intestine,  without  its  following,  as  a  necessary  conse- 
quence, that  the  parietes  which  are  in  contact  should  exert  on 
each  other  any  friction,  on  which  the  sensation  of  hunger  may- 
depend.  In  fact,  the  presence  of  food  is  necessary  to  determine 
an  action  of  the  parietes  of  the  stomach,  and  as  long  as  it  is  empty, 
there  is  nothing  to  call  forth  such  action. 

Those  who  think  that  hunger  is  mechanically  produced  by  the 

»  Nilidhtima  vLttra  sunt  animalium  fame  enectorum,  ct  argenlei  fibrarum 
fasciculi. 

IIallkr,  EL  Hi.  Phys.tom.  VI.  page  183. 
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v  t  i-ht  of  the  ?plecn  and  liver  that  keeps  pulling  down  the  dia- 
phragm, which  the  empty  stomach  no  longer  bears  up,  observe, 
that  it  may  be  appeased,  for  a  time,  by  supporting  (he  abdominal 
viscera  bv  means  of  a  wide  girdle;  that  hunger  ceases  as  soon  as 
the  stomach  is  full,  before  the  food  can  hav  j  ielded  to  it  any  ma- 
terials of  nutrition.  Oa  this  hypothesis,  which  is  purely  mecha- 
nical, as  that  which  explains  hunger  by  the  irritation  of  the  gastric 
juice,  bv  the  lassitude  of  the  contracted  muscles,  by  the  compres- 
sion of  the  nerves,  how  shall  we  explain  the  fact,  that  when  the 
hour  of  a  nual  is  over,  hunger  ceases  for  a  time?  Ought  not 
hunger,  on  the  contrary,  to  be  considered  as  a  nervous  sensation 
which  exists  in  the  stomach,  is  communicated  by  sympathy  to  all 
the  other  parts,  and  keeping  up  an  active  and  continuous  excite- 
ment in  the  organ  in  which  it  is  principally  seated,  determines 
into  it  the  fluids  from  all  parts.  This  phenomenon,  like  all  those 
-which  depend  oa  nervous  inlluence,  is  go/eriied  by  the  laws,  of 
habit,  by  the  influence  of  sleep,  and  of  the  passions  of  the  mind, 
whose  power  is  so  great,  that  literary  men,  absorbed  in  meditation 
and  thought,  have  been  known  entirely  to  forget  that  they  re- 
quired food.  Every  thing  which  awakens  the  sensibility  of  the 
stomach,  in  a  direct  or  sympathetic  manner, increases  the  appetite 
and  occasions  hunger.  Thus,  bulimia  depends,  sometimes,  on  'the 
irritation  of  a  tape  w  orm  in  the  organs  of  digestion.  The  appli- 
cation of  cold  to  the  skin,  by  increasing,  from  sympathy, the  action 
of  the  stomach,  has  been  known  to  occasion  fumes  cturina,  of  which 
several  instances  are  related  by  Plutarch  (Life  of  Brutus).  Ar- 
d> .-nt  spirits,  and  highly  seasoned  food,  excite  the  appetite,  even 
when  the  stomach  is  overfilled.  Whatever,  on  the  contrary, 
blunts  or  renders  less  acute  the  sensibility  of  the  stornach,  renders 
more  endurable  or  suspends  the  sensation  of  hunger.  Thus,  we 
are  told  by  travellers,  that  the  Turkish  dervises  and  the  Indian 
fa  juirs,  endure  long  fRsts,  because  they  are  iu  the  habit  of  using 
opium,  and  lull,  in  a  manner,  by  this  narcotic,  the  sensibility  of 
the  stomach.  Tepid  and  relaxing  driuks  impair  the  appetite; 
the  use  of  opiates  suspends  suddenly  the  action  of  the  stomach. 

V.  0 J  thirst.  The  blood  deprived  of  its  serositj*,  by  insensible 
perspiration  and  by  internal  exhalation,  requires  incessant  dilu- 
tion, by  the  ad  ml  xture  of  aqueous  parts,  to  lessen  its  acrimony;  and 
as  the  F.erosity  is  incessantly  exhausting  itself,  the  necessity  for 
repairing  that  loss  is  erer  urgent.  The  calls  of  thirst  are  still 
m»e  absolute  than  those  of  hunger,  and  it  is  much  less  patiently 
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endured.    If  it  be  not  satisfied,  the  blood,  and  the  fluids  which 
are  formed  from  it,  become  more  and  more  stimulating,  from  tin; 
concentration  of  the  saline  and  other  substances  which  they  con- 
tain.    The  general  irritation  gives  rise  to  an  acute  fever,  with 
heat  and  parching  of  the  fauces,  which  inflame  and  may  even 
become  gangrenous,  as  happens  in  some  cases  of  hydrophobia. 
English  sailors,  who  were  becalmed,  had  exhaused  all  their  stock 
of  fresh  water,  aud  were  at  a  distance  from  land  ;  not  a  drop  of 
rain  had  for  a  long  while  cooled  the  atmosphere :  after  having 
borne,  for  some  time,  the  agonies  of  thirst,  further  increased  by 
the  use  of  salt  provisions,  they  resolved  to  drink  their  own  urine. 
This   fluid,  though  very  disgusting,   allayed  their  thirst:  but 
at  the  end  of  a  few  days,  it  became  so  thick  and  acrid,  that  they 
were  incapable  of  swallowing  a  mouthful  of  it.    Reduced  to 
despair,  they  expected  a  speedy  death,  when  they  fell  in  w  ith  a 
ship  which  restored  them  to  hope  and  life.    Thirst  is  increased 
every  time  that  the  aqueous  secretions  are  increased  ;  thus,  it  be- 
comes distressing  to  a  dropsical  patient,  in  whom  the  fluids  are 
determined  towards  the  seat  of  effusion.   It  is  excessive  in  diabetes, 
and  in  proportion  to  the  increased  quantity  of  urine.    In  fever,  it 
is  increased,  from  the  effect  of  perspiration,  or  because  in  some 
of  these  affections  ;  for  example,  in  bilious  fevers,  the  blood  seems 
to  become  more  acrid.    Hence  the  advantage  of  cooling,  diluting, 
and  refreshing  drinks,  administered  copiously,  with  a  view  to  cor- 
rect the  temporary  acrimony  occasioned  by  the  absence  of  a  great 
quantity  of  the  serous  parts  of  the  blood,  and  to  lessen  the  over 
excitement  of  a  fluid  become  too  stimulating. 

The  use  of  aqueous  drink  is  not  the  most  effectual  method  of 
allaying  thirst.  A  traveller  exposed  to  the  scorching  heat  of  sum- 
mer, finds  it  advantageous  to  mix  spirits  to  plain  water,  which  alone 
does  not  stimulate  sufficiently  the  mucous  and  salivary  glands, 
whose  secretion  moistens  the  inside  of  the  mouth  and  pharynx,  and 
covers  these  surfaces  with  the  substance  best  calculated  to  sus- 
pend, at  least  for  a  time,  the  erethism  on  w  hich  thirst  appears  to 

depend.  ....  ,• 

VI  On  mastication.  The  organs  employed  .n  the  masticahon 
,f  the' food,  are  the  lips,  the  jaws,  and  the  teeth  with  th.se  are 
furnished :  the  muscles  by  which  thry  are  moved  and  those  w  Inch 
form  the  parietes  of  the  mouth.  The  motions  of  the  hps  are  ex- 
tremely varied,  and  depend  on  the  single  or  combined  act.on  of 
their  L«les   by  which  the  greater  part  of  the  face  0  covered, 
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s-rul  which  may  ho  enumerated  as  folknvs  :  — Elevators  of  tin- 
upper  lip  (cani/ius,  irtcisivus,  Lvatuirs  communes  labiorum  and 
myrtiformcs).  Depressors  of  the  under  !jp  {triangular is  labiorum, 
quadrates  gciuc ).  Abductors  (buccinator,  zygoinutkus  major  and 
minor,  plutys'ita  myoides).   Constrictors  (orbicularis  oris). 

Vil.  The  motions  of  the  upper  jaw  are  so  confined,  that  some  have 
denied  that  it  has  any  motion  ;  it  nevertheless  rises  a  little,  when 
the  lower  jaw  descends  ;  but  it  is  principally  by  the  deprossioucf 
the  latter,  that  (he  mouth  is  opened.  The  muscles  at  the  back  cf 
the  neck,  and  that  pa rt  of  the  digastric  muscle  nearest  the  mastoid 
process,  produce  a  slight  elevation  of  the  upper  jaw,  which  moves, 
with  the  whole  head,  to  the  bones  of  which  it  is  finmly  united. - 
This  conexion  of  the  tipper  jaw  with  the  "bones  of  the  head,  ren- 
ders this  jaw  less  moveable  in  man  than  in  the  greater  number  of 
animsds,  in  winch,  freed  from  the  enormous  weight,  of  the  skgll, 
it  stretches  out  in  front  of  that  cavity,  over  the  lower  jaw.  As 
we  follow  downwards  the  scale  of  animal  existence,  the  motions' 
of  the  upper  jaw  is  seen  to  increase,  the  further  we  descend  from 
the  human  species  ;  it  is  equal  to  that  -of  the  lower  ja  w,  in  the 
reptiles  and  in  several  lishes;  hence  the  enormous  dimensions  of 
the  piouth-of  the  crocodile  and  shark  ;  hence  serpents  frequently 
swallow  a  prey  oi'  a  bulk  greater  than  their  own,  and  would  be 
suffocated,  but  for  the  power  they  possess,  of  suspending  respira- 
tion for  a  long  time,  and  of  Availing  patiently,  till  the  gastric  j uice 
dissolves  the  food,  as  it  is  swallowed. 

Iu  the  act  of  mastication,  tho  upper  jaw  may  he  considered  as 
an  anvil,  on  which  the  lower  jaw  strikes  as -a  moveable  hammer, 
and  the  motions  of  the  under  jaw,  the  presure  it .  exerts,  and  its 
efforts,  would  soon  Imf  disturbed  the  connexion  of  the  different 
bones  of  which  the  face  is  formed,  if  this  unsteady  edifice,  merely 
furmed  of  bones,  i«  juvta  position,  or  united  bv  sutures,  were  not 
supported,  and  did  not  transmit  to  the  skull,  the  double  effort 
which  pre-ses  on  it  from  below  upwards,  and  pushes  it  out  Laterally. 
Six  vertical  00  unins,  the  ascending  apophyses  of  the  superior 
maxillary  bones,  the  orbitar  processes  of  the  malar  bones,  n\:d  the 
lertira!  proce>.-es  of  the  palate  bones,  support  and  tra.u>.imf  the 
eifort  which  takes  place  in  the  first  direction,  whiie  the  zygomatic 
processes  forcibly  press  the  bones  of  the  face  e.gainst  each  other, 
and  powerfully  resist  separation  outwardlv   or  laterably.  The 
lower  jaw  falls  by  its  own  weight,  when  its  eletalors  are  relaxed  ; 
the  external  ptei  \  goid  tnuscies,and  those  attached  to  the  c-s  in  oidv>. 
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complete  this  motion,  tlie  centre  of  which,  is  not  in  the  articulation  of 
the  jaw  to  the  temporal  bones,  but  corresponds  to  a  line  that  should 
cross  the  coronoid  processes.  B  little  above  the  angles  of  thf  jaw.  It 
is  around  this  axis,  that,  in  falling,  the  lower  jaw  performs  a  motion 
of  rotation,  by  which  its  condyles  are  turned  forwards,  while  its 
angles  are  carried  backwards.  In  children,  tiie  coronoid  proceSSei 
standing  off  at  a  smaller  distance  from  the  body  of  the  bone,  of 
which  they  have  nearly  the  same  direction,  the  centre  of  motion  is 
always  in  the  glenoid  cavities,  which  the  condyles  never  quit,  however 
much  the  jaw  may  be  depressed.  By  this  arrangement,  nature  has 
guarded  against  dislocation,  which  would  have  been  frequent  at  an 
eirly  period  of  life,  from  crying,  during  which,  the  jaw  is  depressed 
beyond  measure,  or  when  not  knowing  the  just  proportion  be- 
tween the  capacity  of  the  mouth,  and  the  size  of  the  bodies  they 
would  put  into  it,  children  endeavour  to  introduce  those  which  it 
cannot  receive.  The  lower  jaw  forms  a  double  bended  lever  of 
the  third  kind,  in  which  the  power,  represented  by  the  temporal, 
masseter  and  internal  ptengoid  muscles,  lies  between  the  fulcrum 
and  the  resistance,  at  a  smaller  or  greater  distance  from  the  chin. 

The  mode  of  articulation  of  the  jaw  to  the  temporal  bones, 
allows  it  only  a  motion  upwards  and  downwards,  in  which  the 
teeth  of  both  jaws  meet  Uke  the  blades  of  scissars,  and  a  lateral 
motion,  in  which  the  teeth  glide  on  each  other,  producing  a  fric- 
tion well  calculated  to  grind  the  food,  which  in  the  first  part  of 
the  act  of  mastication  was  torn  or  dhided. 

VIII.  In  carnivorous  animals,  the  levator  muscles  of  the  under 
jaw,  especially  the  temporals  and  masseters,  are  prodigiously  lar^e 
and  powerful.  In  them,  the  coronoid  processes,  to  which  the  tem- 
poral muscles  are  attached,  are  very  prominent ;  the  condyles  are  re- 
ceived into  a  very  deep  cavity  ;  w  hile  in  herbivorous  animals,  on  the. 
contrary,  they  are  less  strong  and  bulky,  and  the  pterygoid 
muscles,  by  whose  action  the  lateral  or  grinding  motion  is  per- 
formed, are  stronger  and  more  marked.  The  glenoid  cavities  nre 
also  in  them  wide  but  shallow,  so  that  they  allow  (he  condyles  to 
move  freely  on  their  surface.  The  comparative  power  of  the 
levator  and  abductor  muscles  of  the  lower  jaw,  may  be  easily  ap- 
preciated, by  vjewing  the  temporal  and  zygomatic  fossa;.  Their 
depth  is  always  in  an  inverse  ratio,  and  proportioned  to  the  bulk 
of  the  muscles  which,  they  contain.  In  carnivorous  animals,  the 
zygomatic  arch,  to  which  the  massetpr  is  attached,  is  depressed,  and 
it-ems  to  have  yielded  to  the  efl'prt  of  the  muscle.    In  the  point  of 
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>iew  w  hicli  We  have  jitst  taken,  man  holds  a  middle  station  between 
carnivorous  animals  and  those  which  feed  on  vegetable  substances  ; 
nothing,  however,  determines  his  nature  better  than  the  composi- 
tion of  his  dental  arches. 

IX.  The  small  white  and  hard  bones  -which  form  the  dental 
arches,  are  not  alike  in  all  the  animals  whose  jaws  are  furnished 
with  them.  All  have  not,  as  man,  three  kinds  of  teeth.  The 
iuniury  *  tooth  are  not  to  be  met  with,  in  the  numerous  class  of 
rodontia.  Some  are  without  incisors;  the  former  appear  more 
fitted  to  tear  fibrous  tissues  which  offer  much  resistance.  In 
carnivorous  animals,  they  are  likewise  very  long,  and  bent  like 
curved  pincers.  The  grinders  are  principally  employed  in  grind- 
ing substances  previously  divided  bv  the  laniary  teeth,  which  tear 
them,  or  by  the  incisors,  which,  in  meeting  as  the  blades  of  scissars, 
fairly  cut  them  through  :  the  latter,  of  which  each  jaw  contains  four, 
acting  only  on  bodies  which  present  but  a  slight  resistance,  are 
placed  at  the  extremity  of  the  maxillary  lever.  The  grinders  are 
brought  nearer  to  the  fulcrum,  and  it  is  on  them  that  the  great 
stress  of  mastication  rests.  If  we  wish  to  crush  a  very  hard 
substance,  we  instinctively  place  it  between  the  last  large  grinders, 

*  After  the  example  of  several  naturalists,  I  have  thought  U  right  to  give  tlir.t 
name  lo  the  canine  teeth  ;  in  the  first  place,  because  their  principal  use  being 
to  lacerate  or  tear  fibrous  tissues,  it  is  fit  that  they  should  have  a  name  from 
their  manner  of  acting  on  the  food,  as  is  the  case  with  (he  incisors  and  in  blares  ; 
in  the  second  place,  because  the  word  canine,  may  lead  to  an  erroneous  concep- 
tion, by  leading  to  a  belief  that  this  kind  of  tooth  belongs  only  to  one  kind  of 
carnivorous  animals,  while  they  a:e  stronger  and  more  distinct,  in  the  lion,  the 
ivgrr,  &c. 

£uch  an  explanation  is  indispensable,  at  a  ppriod  when  every  body  aspires 
to  the  easy  glory  of  introducing  innovations  in  language.  The  invention  of 
words  is.hotveser,  in  the  opinion  of  a  celebrated  female  wriier,  a  decided  symp- 
U>:n  of  harrenesi  of  ideas. 

'Ihe  teeth  dili.  r  <  ;  initially  from  the  other  hones,  by  the  acute  sensibility 
with  which  tl:ey  are  endowed  ;  2dly,  by  the  nerves  which  may  be  traced  into 
them,  while  lltey  seem  to  be  wanting  in  every  other  part  of  the  osseous  system; 
.Tdl  v,  by  the  mode  of  distribution  of  the  blood  vessels:  three  penetrate  into  them, 
at  an  aperture  whirl)  i-,  seen  at  (he  extremity  of  their  root,  and  they  expand 
in  Ihe  mucous  membrance  contained  in  the  tooth,  and  n  hich  forms  the  most 
f^-ential  part  of  the  bone;  Illhy,  by  (heir  not  undergo!  ng  any  change  from  expo- 
sure to  the  air,  a  property  which  (hey  owe  to  the  enamel  which  covers  them 
ejlcrnally.  It  has  been  laid,  wilb  justice,  (hat  Nature,  in  sheathing  the  tooth 
»iih  thi>  covering,  hal  imitated  the  process  of  tempering,  by  means  of  w  hich, 
we  h«rdcn  the  edge  of  »tcel  or  iron  I, 
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and  Ijv  ihn:<  shortening  considerably  the  lover,  between  \\\<>  resist- 
ance and  She  fulcrum,  we  improve  on  the  Lfcwr  of  the  third  kind, 
which,  though  most  employed  in  the  animal  economy,  acts  the 
most  unfavourably.  The  luniary  leelh  have  \ery  long  fangs, 
which  lying  deeply  buried  in  (he  alveolar  processes,  give  them 
a  degree  of  iiiraness  to  enable  them  to  act  powerfully,  without  a 
a  danger  of  being  loosened  from  their  situation. 

The  eiramel  which  covers  the  teeth,  preserves  the  substance  of 
the  bone  e\|H>scd  to  the  contact  of  the  air,  from  the  injurious 
effects,  which  would  not  fait  to-  result,  from  direct  exposure,  and  as 
enamel  is  much  harder  than  bone,  it  enables  the  teeth  to  break  the 
hardest  bodies  without  injury.  The  concentrated  acids  soften  this 
substance  and1  occasion  a  painful  affection  of  the  teeth.  The  sensi- 
bility possessed1  by  these  bones,  is  seated  in  the  mucous  membrane 
■which  lines  their  inward  cavity,  through  which  are  distributed 
the  vessels  and  nerves,  which  enter  by  openings  at  their  roots. 
This  membrane  is  the  seat  of  a  great  nnmber  of  diseases,  to  which 
the  teeth  are  subject.  The  enamel,  incessantly  worn  by  repeated 
friction,  grows  and  repairs  its  waste.  The  alveolar  processes 
which  receive  (he  fangs  of  the  teeth,  firmly  embrace  them,  and  a-U 
of  them  being  exactly  conical  in  form,  every  point  of  these  small 
cavities,  and  not  merely  their  lower  part  at  which  the  nerves  and 
tossoIs  enter,  supports  the  pressure  which  is  applied  to  these  bones. 
When  from  accidental  causes,  or  in  the  progress  of  age,  the  teeth 
are  gone,  their  alveoli  contract,  then  disappear;  the  gums,  a 
reddish  and  dense  membranous  substance,  which  connects  the 
teeth  to  the  sockets,  harden  and  become  cations  over  their 
thinned  edges.  Old  men  who  have  rost  all  their  teetb,  masticate 
but  imperfectly,  and  this  circumslauce  is  one  of  the  causes,  of  thgitr 
slow  digestion,  as  the  gastric,  juice  acts  with  difficulty  on  food, 
whose  panicles  are  not  sufficiently  divided. 

X.  Salivary  solution.  The  above  mechanical  trituration  is  not 
the  only  change  which  the  food  undergoes  in  the  mouth.  Sub- 
jected  to  the  action  of  the  organs  of  mastication,  which  overcome 
the  force  of  cohesion  of  its  molecules,  it  is  at  the  same  time 
imbued  with  the  saliva.  This  fluid,  secreted  by  the  glands  placed 
in  the  vicinity  of  the  mouth,  is  poured,  in  considerable  cpaantity7 
into  that  cavity  during  mastication. 

The  saliva  is  a  transparent  and  viscous  fluid,  formed  of  about 
four  parts  of  water  and  one  of  albumen,  in  which  are  dissolved, 
phosphates  of  soda,  of  lime,  and  of  ammonia,  as  well  as  a  small 
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quantity  of  muriate  of  soda;  like  all  other  albuminous  fluids,  H 
froths  when  agitated,  by  absorbing  oxygen,  for  which  it  appears 
to  have  a  strong  affinity,  its  affinity  for  oxygen  is  such,  that  one 
may  oxydize  gold  and  silver,  by  triturating  in  saliva,  thin  leaves  of 
(hose  metals  which  are  of  such  difficult  oxydizement. 

The  irritation  occasioned  by  the  presence  or  the  desire  of  food, 
excites  tlie  salivary  glands,  they  swell  and  become  so  many  centres 
oj'jlurion,  towards  which  the  humours  tlow  abundantly.  Bordeu 
first  called  the  attention  of  physiologists,  to  the  great  quantity  of 
nerves  and  vessels  received  by  the  parotid,  maxillary  and  sublin- 
gual glands,  from  the  carotid,  maxillary  and  lingual  arteries,  from 
the  portio  dura  of  the  seventh  pair  of  nerves,  from  the  lingual 
nerve  of  the  fifth  pair,  which  penetrate  their  substance,  or  pass  over 
a  portion  of  their  surface.  This  great  number  of  vessels  and 
nerves  is  proportioned  to  the  quantity  of  saliva  which  is  secreted, 
a:ul  this  is  estimated  at  about  six  ounces  during  the  average  time 
of  a  nn-al.  It  Hows  in  greater  quantity,  when  the  food  that  is 
used  is  acrid  and  stimulating  :  it  mixe3  with  the  mucus,  copiously 
r-ecretcd  with  the  mucous,  buccal,  labial,  palatine,  and  lingual 
glands,  and  with  the  serous  fluid,  exhaled  by  the  exhalent  arteries 
ol  the  mouth.  The  saliva  moistens,  imbues,  and  dissolves  the  ball 
formed  by  the  aliment,  brings  together  its  divided  molecules,  and 
produces  on  them  the  first  change.  There  can  be  no  doubt,  that  the 
saliva  mixing  with  the  food,  by  the  motion,  of  the  jaws,  absorbs 
oxygen  and  unites  to  the  alimentary  substances,  a  quantify  of  that 
gas  fit  to  bring  about  the  changes  which  they  are  ultimately  des- 
tined to  undergo. 

Xf .  The  muscular  parietes  of  the  mouth  are,  during  maslica*- 
tious.,  in  perpetual  action.  The  tongue  presses  on  the  food,  in 
every  direction,  and 'brings  it  under  the  teeth;  the  muscles  of  the 
cheek,  especially  the  buccinator,  against  which  the  food  is  pressed, 
force  it  back  again  under  the  teeth,  that  it  may  be  duly  triturated. 
W  hen  the  food  has  been  sufficiently  divided,  and  imbued  with 
saliva,  the  tip  of  the  tongue  is  carried  to  every  part  of  the  mouth, 
and  the  food  is  collected  on  its  upper  surface.  The  food  having 
been  thus  completely  gathered  together,  the  tongue  presses  it 
against  the  roof  of  the  mouth,  and  turning  it  tip  upwards  and 
backwards,  at  the  same  time  that  its  base  is  depressed,  there,  is 
ofh-red  to  the  food  an  inclined  plane,  over  which  the  tongue 
presses  it  from  before  backwards,  to  make  it  clear  the  isthmus  oi 
dM  fauces,  and  to  thrust  it  i:U<*  the  oesophagus.    In  this  course  of 
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the  food  along  the  pharynx  and  into  the  oesophagus,  consisK  4bi 
glutition,  a  function  which  is  assisted  by  the  co-operation  of  several 
organs  whose  mechanism  is  rather  complicated. 

XL1.  Deglutition.  In  the  process  of  deglutition,  the  moulh 
closes  by  the  approximation  of  both  jaws;  at  the  same  time, 
the  submaxillary  muscles,  the  digastrici,  the  genio-hyoidei, 
the  mylo-hyoidci,  &c.  elevate  the  larynx  and  pharynx,  by  <1  raw- 
ing d«wn  the  os  hyoides  towards  the  lower  jaw,  which  is  fixed 
by  its  levator  muscles.  The  hyo-glossus  muscle,  at  the 
same  time  that  it  elevates  the  os  hyoides,  depresses  and  carries 
backwards  the  base  of  the  tongue.  Then  the  epiglottis,  situated  be- 
tween these  two  parts,  which  are  brought  together,  is  pushed  down- 
wards and  backwards  by  the  base  of  the  tongue,  which  lays  it  over 
the  opening  of  the  larynx.  The  alimentary  mass,  pressed  be- 
tween the  palate  and  the  upper  surface  of  the  tongue,  slides  on 
the  inclined  plain  formed  by  the  latter,  and  pressed  by  its  tip, 
■which  bends  back,  clears  the  isthmus  of  the  fauces.  The  mucous 
substance  which  exudes  from  the  surface  of  amygdala?  further  fa- 
cilitates the  passage  of  the  food.  "When  the  food  has  thus  drop- 
ped into  the  pharynx,  the  larynx  which  had  risen,  and  had  come 
forward,  and  which  in  that  motion  had  drawn  the  pharynx  along 
w  ith  it,  descends  and  falls  backwards.  This  last  organ,  stimu- 
lated by  the  presence  of  the  food,  contracts,  and  would  in  part 
send  it  back  in  a  retrograde  direction,  by  the  nasal  fossa:,  if  the 
velum  palati,  elevated  by  the  action  of  the  levatores  palati, 
stretched  transversely  by  the  tensores  palati,  was  not  applied  to 
their  posterior  apertures,  and  towards  the  openings  of  the  Eusta- 
chian tubes.  Sometimes  this  obstacle  is  overcome,  and  the  food 
returns,  in  part,  by  the  nostrils.  This  happens,  when  during 
the  act  of  deglutition,  we  attempt  either  to  laugh  or  speak.  At 
such  times,  the  air,  expelled  from  the  lungs  with  a  certain  degree 
of  force,  elevates  the  epiglottis  and  meeting  the  alimentary  mass, 
pushes  it  back  towards  the  nostrils  through  which  it  is  to  pass. — ■ 
The  islhmus  faucium  is  closed  against  the  return  of  the  food  into 
the  mouth,  by  the  swelling  of  the  base  of  the  tongue,  raised  by 
the  action  of  the  constrictor  isthini  faucium,  and  of  the  constrictor 
pharyngis  superior,  which  are  small  muscles  contained  in  the 
thickness  of  the  pillars  of  the  velum. 

The  alimentary  mass  is  directed  towards  the  oesophagus,  and  is 
thrust  info  that  canal,  by  the  peristaltic  contractions  of  the  pharynx, 
which  may  be  considered  as  the  narrow  part  of  a  funnel-like  tube. 
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The  solid  food  passog  behind  the  aperture  of  the  larynx,  which  Is 
accurately  covered  over  by  the  epiglottis.  The  liquids  flow  aloug 
the  sides  of  that  opening,  along  two  channels  easily  distinguished. 
They  are  always  of  more  difficult  deglutition  than  the  solids  ;  the 
molecules  of  a  fluid  have  an  incessant  tendency  to  separate  from 
0:1c  another,  and  to  prevent  this  separation,  the  organs  are  obliged 
to  use  greater  exertion,  and  to  embrace  with  more  precision  the 
substance  that  is  swallowed.  Thus,  it  is  observed,  in  those  cases 
ju  which  deglutition  is  prevented  by  some  organic  affection  of  the 
oesophagus,  that  the  patients,  though  they  have  the  power  of 
swallowing  solid  food,  find  it  difficult  to  swallow  a  few  drops  of  a 
liquid,  and  are  tortured  with  thirst,  though  they  have  still  the 
power  of  satisfying  their  huuger. 

The  deglutition  of  air  and  of  gaseous  substances,  is  still  more 
difficult  than  that  of  liquids,  because  these  elastic  fluidsaremuch  less 
coercible,  and  it  requires  considerable  practice,  to  transmit  a  mouth- 
ful of  air  into  the  stomach.  M.  Gosse,  of  Geneva,  had  acquired 
that  power  from  repeated  experience,  and  he.  made  use  of  it  to 
induce  vomiting  at  pleasure,  and  by  the  application  of  that  faculty 
to  the  interests  of  science,  he  ascertained  the  digestibility  of  the 
articles  of  food  in  most  common  use. 

The  food  descends  into  the  oesophagus,  propelled  by  the  con- 
tractions of  that  museulo-membranous  duct,  situated  along  the 
vertebral  column,  from  the  pharynx  to  the  stomach,  Mucus  is 
fcecreted,  in  considerable  quantity,  by  the  membrane  which  lines  the 
inner  part  of  the  oesophagus,  it  sheathes  the  substances  which  pass 
along  it,  and  renders  their  passage  more  free.  The  longitudinal 
folds  of  the  inner  membrane,  allow-  the  oesophagus  to  dilate  ;  nevcr- 
t  heirs.,,  when  it  is  stretched  beyond  measure,  severe  pain  is  expe- 
rienced, occasioned,  no  doubt,  by  the  distention  of  the  nervous 
plexuses,  formed  by  the  nerves  of  the  eighth  pair  w  hich  embrace 
the  oesophagus,  as  they  course  along  its  sides— I  purposely  avoid 
gpttkjsg  of  the  weight  of  the  food,  us  one  of  the  causes  which 
enahle  it  to  pass  along  the  cesophagus.  Although,  in  man  as  in 
quadrupeds,  that  weight  is  no  obstacle  to  deglutition,  it  favours 
that  function  in  so  slight  a  degree,  that  the  diminution  of  muscular 
contractility  at  the  aproach  of  death,  is  sufficient,  altogether  to 
prpvent  it.  The  act  of  drinking  is  then  attended  with  a  noise  of 
unfavourable  omen.  This  noi.-e  consists  in  a  gurgling  of  I  lie  fluid 
which  has  a  tendency  to  get  into  the  larynx,  whose  opening  is  not 
covered  over  by  the  epiglottis  j  and  if  it  bo  insisted  upon,  that 
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flip  patient  shall  swallow  some  ptisan,  the  deglutition  of  wlm-h  is 
impracticable,  it  Hows  into  the  trachea,  and  the  patient  dies  of 
su  {location. 

XIII.  Of  the  abdomen.  Before  inquiring  any  further  into 
the  phenomena  of  digestion,  let  us  shortly  attend  to  the  ca\itv 
which  contains  its  principal  organs.  The  abdomen  is  almosl 
intirely  tilled  by  the  digestive  apparatus,  of  which  the  urinary 
passages  form  a  pact;  its  size,  the  structure  of  its  parietes.  arc 
evidently  adapted  to  the  functions  of  that  apparatus.  The  capacity 
of  the  abdomen,  exceeds  that  of  the  other  two  great  ratifies:  its 
dimensions  are  not  invariably  fixed,  as  those  of  the  skull.  wIiom- 
size  is  determined  by  the.  extent  of  its  osseous  and  inelastic  paricu  -. 
They  are  likewise  more  varying  than  those  of  the  chest,  because, 
the  degree  of  dilatation,  of  which  the  latter  is  susceptible,  is  limi- 
ted by  the  extent  of  motion,  of  which  the  ribs  and  sternum  are 
'capable.  The  abdomen,  on  the  contrary,  enlarges  in  a  sort  of 
indefinite  manner, by  the  yielding  of  its  soft  and  extensible  parietes. 
In  some  cases  of  ascites,  the  abdomen  has  been  known  to  contain 
as  much  as  eighty  pints  of  liquid,  and  yet  death  has  not  followed 
as  a  consequence  of  so  enormous  an  accumulation  ;  while  in  con- 
sequence of  the  delicate  texture  of  the  brain,  of  the  exact  fulness 
of  the  skull,  and  especially  of  the  inflexibility  of  its  parietes,  the 
slightest  effusions  within  t ha t  cavity,  are  attended  with  so  much 
danger;  while  the  collection  of  a  few  pints  of  fluid,  within  the 
chest,  occasions  suffocation.  This  vast  capacity  of  the  abdomen, 
capable  of  being  easily  increased,  was  required  in  a  catity  w  hose 
viscera,  for  the  most  part  hollow,  and  admitting  of  dilatation,  con- 
tain substances  varying  in  quantity,  and  from  which  are  disengaged 
gases  occupying  a  considerable  space.  V»  hat  a  difference  is  there 
not,  in  the  capacity  of  the  abdomen  of  animals,  according  to  the 
quality  of  the  food  on  which  they  feed  !  Compare  the  slender  body 
of  the  tyger,  of  the  leopard  and  of  all  carnivorous  animals,  w  ith 
the  heavy  mass  of  the  elephant,  of  the  ox,  and  of  all  animals  that 
wholly  or  principally  live  on  animal  food.  In  the  child,  who,  for 
his  growth  and  developement,  digests  a  considerable  quantity  of 
food,  the  abdomen  is  much  more  capacious  than  in  the  adult  or 
the  old  man.  In  the  child,  the  ensiform  cartilage  is  situated  oppo- 
'  site  to  the  body  of  the  eighth  or  ninth  dorsal  vertebra.  En  old 
men,  it  descends  to  the  tenth  or  even  the  eleventh,  so  that  the  capa- 
city of  the  abdomen  decreases  with  the  want  of  food,  and  with  the 
activity  of  digestion. 
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The  internal  organs  of  the  body  arc  incessantly  called  into 
oc'.ion  bv  different  causes,  and  excited  to  different  motions.  The 
action  of  the  arterial  system  tends  to  raise  the  cerebral  mass,  and 
to  impart  to  it  motions  of  elevation  and  depression.  The  motion 
of  the  ribs  brings  about  the  expansion  and  the  compression  of  the 
pulmonary  tissue;  the  heart,  which  adheres  to  the  diaphragm, 
drawn  down  by  that  muscle,  when  it  descends,  strikes  against  the 
parietes  of  the  . chest,  every  time  its  ventricles  contract.  The 
abdominal  viscera  are  not  less  agitated  by  the  motions  of  respira- 
tion, they  experience  from  the.  diaphragm  and  from  the  abdominal 
muscles  a  perpetual  action  and  re-action,  by  means  of  which,  the 
circulation  of  the  fluids  in  their  vessels  is  promoted,  the  course  of 
tho  food  in  the  alimentary  canal  is  accelerated,  the  activity  of 
digestion  increased,  and  several  excretions,  as  of  the  urine  and 
fa?ces,  performed. 

XIV.  Of  Digestion  in  the  Stomach.  The  food  which  is  taken 
into  the  stomach,  accumulates  gradually  within  its  cavity,  and  se- 
parates its  parietes,  which  are  always  in  contact  with  each  other 
when  itis  empty.  The  .stomach,  in  that  mechanical  distention  by 
the  food,  yields  without  re-acting.  It  is  not,  however,  absolutely 
passive;  its  parietes  apply  themselves,  by  a  general  contraction, 
by  akind  of  tonic  motion  to  the  food  which  lies  within  it,  and 
to  this  ac(ion-of  the  whole  stomach,  the  ancients  gave  the  name  of 
peristole.  As  the  stomach  dilates,  its  great  curvature  is  thrust 
forward,  the  two  folds  of  the  omentum  recede  from  each  other, 
receive  it  between  them,  and  embrace  its  outer  and  dilated  part. 
In  man,  the  principal  use  of  this  fold  of  the  peritoneum,  appears 
to  be  to  facilitate  the  dilatation  of  the  stomach,  which  expands 
chiefly  at  its  forepart,  as  may  be  observed  by  inflating  it  in  a 
dead  body.  As  this  viscus  becomes  distended  with  air,  the  two 
folds  of  the  omentum  apply  themselves  to  its  surface,  and  if  this 
membrane  is  pierced  with  a  pin,  at  the  distance  of  an  inch  from  its 
great  curvature,  the  pin  is  observed  to  get  nearer  to  this  curvature  ; 
but  the  upper  portion  of  the  omentum  can  alone  be  employed  in 
this  use,  and  the  whole  of  this  membranous  fold  is  never  entirely 
occupied  by  the  stomach.  Shall  we  say  with  Galen,  that  the 
omentum  guards  the  intestines  against  cold,  and  preserves  in 
tliern  a  gentle  warmth,  necessary  to  digestion  ;  or  shall  we  admit  the 
opinion  of  those  who  maintain,  that  it  answers  the  purpose  of  a 
fluid,  filling  up  qpaccs,  and  lessening  the  effect  of  friction  and 
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pressure  from  the  anterior  pirietes  of  the  abdomen ;  or  shall  we 
assert  with  others,  that,  the  use  of  the  omentum  is  to  allow  the 
blood  to  How  into  it,  when  the  stomach,  in  a  state  of  contraction, 
is  incapable  of  receiving  it.  May  not  the  blood  wliich  Hows  so 
slowly  in  its  lona;  and  slender  vessels,  acquire  some  oleaginous 
quality  which  renders  it  fitter  to  supply  the  materials  of  bile  ? 

The  stomach  likewise  stretches,  though  in  a  less  distinct  man- 
ner, towards  its  lesser  curvature,  and  the  lamina:  of  the  gastro- 
hepatic  omentum  are  separated  from  each  other,  as  those 
of  the  omentum  majus.  Such  is  the  utility  of  the  gastro-hepatic 
omentum,  which  may  be  considered  as  a  necessary  result  of  the 
manner  in  which  the  peritoneum  is  disposed  in  relation  to  the 
viscera  of  the  abdomen.  This  membrane,  which  extends  from  the 
stomach  to  the  liver,  so  as  to  cover  it,  could  not  fill  the  space 
which  separates  those  organs,  were  it  not  for  a  kind  of  membranous 
communication  which  connects  them,  and  in  which  are  contained 
the  vessels  and  nerves,  which,  from  the  lesser  curvature  or  the 
posterior  edge  of  the  stomach,  course  towards  the  concave  surface 
of  the  liver.  This  gastro-hepatic  epiploon,  may  besides,  by  the 
separation  of  the  two  laminae  of  which  it  is  formed,  favour  the 
dilatation  of  the  hepatic  vein,  which  is  situated,  as  well  as  the 
vessels,  the  nerves  and  the  excretory  ducts  of  the  liver,  in  the 
thickness  of  its  right  border. 

The  stomach  has  ever  been  considered  as  the  principal  organ 
of  digestion,  yet  its  function  in  that  process  is  but  secondary  aud 
preparatory:  it  is  not  in  the  stomach,  that  the  principal  and  most 
essential  phenomenon  of  digestion  takes  place,  I  mean  the  separa- 
tion of  the  nutritive  from  the  exciemcntitious  part  of  the  food. 
The  food,  when  received  into  the  stomach,  is  prepared  for  thin 
separation  which  is  soon  to  be  performed,  it  becomes  fluid,  and 
undergoes  a  material  alteration  ;  it  is  converted  into  a  soft  and 
homogeneous  paste,  known  under  the  name  of  chyme.  What  is 
the  agent  that  brings  about  this  change  ?  or  in  other  words,  in 
what  does  digestioirin  the  stomach  consist  ? 

As  it  is  frequently  necessary  to  clear  a  spot  on  which  one  means 
to  build,  we  will  bring  forward  and  refute  the  hypotheses  that  have 
been  successively  broached,  to  explain  the  mechanism  of  digestion  . 
They  may  be  enumerated,  as  follows: — concoction,  J  cr  mental  ion, 
putrefaction,  trituration,  and  maceration  of  the  food  taken  into 
the  cavity  of  the  stomach. 
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XV.  The  fust  of  those  opinions  was  that  of  the  ancients  and 
of  the  father  of  physic;  but,  by  the  term  concoc/iuii,  Hippo- 
crates did  not  mean,  a  phenomenon  similar  to  that  which  takes 
place,  when  food  is  put  into  a  vessel  and  exposed  to  the  influence 
of  heat.  The  temperature  of  the  stomach,  which  does  not  exceed 
that  of  the  rest  of  the  body  (32  degrees  of  lit  aumur's  scale)  would 
be  insufficient.  Cold. blooded  animals  digest  equally  with  the 
warm-blooded,  and,  as  Vanhelmont  observes,  febrile  heat  impairs 
instead  of  increasing  the  powers  of  digestion.  In  the  language  o^ 
the  ancients,  concoction  means  the  alteration,  the  maturation,  the 
animalization  of  alimentary  substances,  assimilated  to  our  nature, 
bv  the  changes  which  they  undergo  in  the  cavity  of  the  stomach. 
It  is,  however,  a  verified  fact,  that  the  natural  heat  of  the  stomach 
promotes  and  facilitates  those  changes.  The  experiments  of  Spal- 
lanzani  on  artificial  digestion,  shew,  that  the  gastric  juice  is  not  ot 
more  efficacy  than  plain  water,  in  softening  and  dissolving  ali- 
mentary substances,  when  the  heat  is  below  seven  degrees  (of 
Reaumur's  scale)  ;  that  its  activity,  on  the  contrary,  is  greatly  in- 
creased when  the  heat  is  ten,  twenty,  thirty,  or  forty  degrees 
above  the  freezing  point.  The  digestion  in  the  cold-blooded 
animals  is,  besides,  slower  than  in  the  hot-blooded. 

XVI.  The  abettors  of  the  theory  of  fermentation  admit,  that 
the  food  taken  into  the  stomach  undergoes  an  inward  and  sponta- 
neous motion,  in  virtue  of  which  it  forms  new  combinations;  and 

te  process  of  fermentation  is  promoted,  by  adding,  to  the  sub- 
stance that  is  undergoing  that  change,  a  certain  quantity  of  the 
same  that  has  already  undergone  the  process;  some  have  supposed, 
that  there  continually  exists  in  the  stomach  a  leaven,  formed,  ac- 
cording to  Vanhelmont,  by  a  subtle  acid,  and  consisting,  in  the 
opinion  of  others,  of  a  small  quantity  of  the  food  that  remains 
from  the  former  digestion.  But,  independently  of  the  circum- 
stance that  the  stomach  empties  itself  completely,  and  presents  no 
appearance  of  leaven,  when  examined  a  few  hours  after  digestion, 
substances  undergoing  fermentation  require  to  be  kept  perfectly 
at  rest,  whereas  the  food  is  exposed  to  the  oscillatory  circulations 
and  to  the  peristaltic  contractions  of  the  stomach,  and  this  viscus 
is  shaken  by  the  pulsations  of  the  neighbouring  arteries ;  it  is  be- 
sides kept  in  continual  motion  by  the  act  of  respiration.  In  fer- 
mentation, gases  are  either  absorbed  or  extricated,  neither  of 
which  circumstances  takes  place,  when  the  stomach  is  not  out  of 
order. 
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It  should,  however,  be  stated,  in  support  of  the  opinion  ftst 
accounts  for  digestion  on  (ho  principle  of  fermentation,  t hat  we 
can  derive  nourishment,  only  from  substances  capable  of  undergo- 
ing fermentation,  and  that  the  substances  w hich  bare  Hiiderrorie 
the  panary  and  saccharine  fermentation,  are  more  easily  digest*  du 
and  in  lesS  time.  This  imperceptible  fermentation,  if  it  really 
take  place,  must  bear  a  greater  analogy  to  these  t  wo  last  p;  on  asesJ 
to  those  which  are  called  vinous  and  acetous  fermentation  ;  but  no 
one  can  differ  from  it  more  than  the  putrid  ferment  ation. 

XVII.    There  ha\e  been  physiologists,  however,  from  the 
time  of  Plistotiicus,  the  disciple  of  Praxagoras,  who  maintain, 
th.lt  digestion  is,  in  fact,  the  consequence  of  putrefaction.  But, 
not  only  is  ammonia  not  disengaged  during  that  process,  but  ouf 
digestive  organs  have  the  power,  as  will  be  seen  presently,  of 
retarding,  or  of  suspending,  the  putrefaction  of  the  substances 
which  are  submitted  to  their  action.    In  serpents,  which  in  con- 
sequence of  the  great  pow  er  of  dilatation  of  their  cesophagus,  and 
from  the  power  of  holding  asunder  their  jaw  s,  both  of  which  are 
moveable  nearly  in  an  equal  degree,  -frequently  swallow  larger 
animals  than  themselves,  and  take  several,  da)  si  to  digest  them; 
that  part  of  the  animal  which  is  exposed  to  the  action  of  t lifer 
stomach,  is  observed  to  be  perfectly  frehh,  and  dissolved  to  a 
certain  extent,  while  the  part  which  remains  out,  exhibits  signs 
of  incipient  putrefaction,    in  fine,  notwithstanding  the  heat  and 
moisture  of  the  stomach,  the  food  does  not  remain  in  it  long  enough 
to  allow  putrefaction  to  come  on,  even  though  every  thing  else 
should  favour  that  process.    Animals  which  have  by  chance  swal- 
lowed putrescent  animal  substances,  either  reject  them  by  vomiting, 
or,  asSpallanzani  has  observed  in  some  birds,  deprive  them  of  their 
putridity. 

XVrUf.  The  system  of  fermentation  was  invented  by  the 
chemists :  that  of  trituration,  by  the  mechanical  philosophers,  w  ho 
compare  the  changes  which  substances  undergo  in  a  mortar  from 
the  action  of  the  pestle,  to  the  changes  which  the  food  undergoes 
in  the  stomach.  But  how  different  is  the  triturating  action  of  a 
pestle,  which  crushes  a  substance  softer  than  itself  against  a 
resisting  surface,  to  the  gentle  and  peristaltic  action  of  the  fibres 
of  the  stomach,  on  the  substances  which  it  contains.  Trituration, 
which  is  a  mechanical  effect,  does  not  alter  the  nature  of  the  sub- 
stance exposed  to  its  action  :  but  the  food  is  decomposed  and  no 
longer  the  same  substance,  after  it  has  remained  some  lime- in  the 
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stem  itch.  As  this  evidently  absurd  hypothesis  lias  long  been  held 
in  high  estimation,  it  will  not  be  improper  to  spend  a  little  time 
in  the  refutation  of  the  proofs  which  are  adduced  in  its  support. 

Tiie  manner  in  which  digestion  is  brought  about  iu  birds,  whose 
Stomach  is  muscular,  and  especially  in  the  gallinaceous  fowls,  is 
the  most  specious  argument  adduced  by  the  abettors  of  mechanical 
digestion.  Those  granivorous  birds  all  have  a  double  stomach, 
the  first  is  called  the  crop,  its  sides  are  thin  and  almost  entirely 
membranous:  a  fluid  is  abundant! y  effused  on  its  inner  surface, 
the  seeds  on  which  they  feed  get  softened,  and  undergo  a  kind  of 
preliminary  maceration  in  (he  crop,  after  which  they  are  more 
easily  ground  by  the  gizzard,  which  is  a  truly  muscular  stomach, 
that  fulfills  the  office  of  organs  of  mastication,  almost  entirely 
deficient  in  that  class  of  animals.  The  gizzard  acts  so  powerfully, 
that  it  crushes  the  solid  substances  exposed  to  its  action,  reduces 
into  dust  balls  of  glass  nod  crystal,  flattens  tubes  of  tin,  breaks 
pieces  of  metal,  and  what  is  much  more  extraordinary,  breaks  with 
impunity  the  points  of  the  sharpest  needles  and  lancets.  Its  inter- 
nal part  is  lined  with  a  thick  scmicartilaginous  membrane,  incrust- 
ed  with  a  number  of  small  stones  and  gravel,  taken  iu  with  the 
food  of  those  birds.  The  turkey  cock  is,  of  all  other  fowls,  that 
in  \\h\ch  this  structure  is  most  apparent ;  besides  the  small  pebbles 
which  line  its  inner  membrane,  its  cavity  contains,  almost  in  all 
cases,  a  number  of  them.  The  rubbing  together  of  these  hard 
substance?,  exposed  along  with  the  seeds  among  which  they  are 
mixed,  to  the  action  of  the  stomach,  may  assist  in  breaking  them 
down.  The  pieces  of  iron  and  the  pebbles  which  the  ostrich  swal- 
lows, some  of  which  Valisniei  i  met  with  in  the  stomach  of  that 
bird,  are  destined  to  the  same  use.  But  this  mechanical  division 
-which  the  gizzard  performs  in  the  absence  of  organs  of  masticar 
lion,  dots  not  constitute  digestion;  the  food,  softened  and  divided 
■ .  '!io  action  of  the  crop  and  of  the  gizzard,  passes  into  the  duode- 
num, and  exposed  in  that  intestine  to  the  action  of  the  biliary 
rOii  0sj  undergoes  within  it  the  changes  most  essential  to  the  act  of 
digestion. 

1  ie  lingular  structure  of  the  lobster's  stomach  is  not  more 
favourable  to  the  hypothesis  of  trituration.  In  that  crustaceous 
animal,  (he  stomach  is  furnished  with  a  real  mandibular  apparatus, 
destined  to  break  down  the  food.  There  are  found  iu  it,  besides, 
at  certain  times  of  the  year,  two  roundish  concretions,  on  each 
aide,  under  its  internal  membrane.    These  concretions,  impru- 
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perly  termed  crabs'  eyes,  consist  of  carbonate  of  lime  joined  to  a 
small  quantity  of  gelatinous  animal  matter;  they  disappear,  when, 
after  the  annual  thedding  of  the  shell,  the  external  covering, 
at  first  membranous,  becomes  6olid  from  the  deposition  of  the 
calcareous  matter  of  which  they  are  formed. 

The  very  groat  difference  between  the  stomach  of  these  animals 
and  that  of  man,  ought  to  have  precluded'every  idea  of  comparing 
them  together.  Spallanzani  has  justly  observed,  that  in  regard  to 
the  muscular  power  of  the  parietes  of  the  stomach,  animals  might 
be  divided  into  three  classes,  the  most  numerous  of  which  consists 
of  those  creatures,  whose  stomach  is  almost  entire  ly  membranous, 
and  furnished  with  a  muscular  coat  of  very  little  thickness.  In  this 
class  are  contained,  man,  quadrupeds,  birds  of  prey,  reptiles,  and 
fishes.  Notwithstanding  the  weakness  of  that  muscular  coat, 
Pitcairn,  by  a  misapplied  calculation,  has  estimated  its  power  at 
12,95 1  pounds ;  he  reckons  at  248,335  pounds,  that  of  the  diaphragm 
and  of  the  abdominal  muscles  which  act  on  the  stomach  and  com. 
press  it  iu  the  alternate  motions  of  respiration.  What  does  so 
exaggerated  a  calculation  prove,  except,  as  Garat  observes,  that 
this  vain  show  of  axioms,  definitions,  scholia,  and  corollaries  v\ith 
which  works  not  belonging  to  mathematics  have  been  disfigured, 
have  served  only  to  protect  vague,  confused,  and  false  notions, 
tinder  the  cover  of  imposing  and  respected  forms.  One  need  only 
introduce  one's  hand  into  the  abdomen  of  a  living  animal,  or  a 
finger  into  a  wound  of  the  stomach,  to  ascertain  that  the  force  of 
that  viscus  on  its  contents,  does  not  exceed  a  few  ounces. 

XIX.  The  learned  and  indefatigable  Haller  thought,  that  the 
food  was  merely  softened  and  diluted  by  the  gastric  juice.  This  ma. 
ceration  was,  in  his  opinion,  promoted  and  accelerated  by  the  warmth 
of  the  part,  by  the  incipient  putrefaction,  by  the  gentle  but  conti. 
nual  motions  which  the  alimentary  substance  undergoes.  Macera- 
tion, in  time,  overcomes  the  force  of  cohesion  of  the  most  solid  sub- 
stances; but  by  dilution  it  never  changes  their  nature. — Haller 
rested  on  the  experiments  of  Albinus,  on  the  conversion  of  mem- 
branous tissues  into  mucilage,  by  protracted  maceration. 

In  ruminating  animals,  the  cavity  of  the  stomach  is  divided  into 
four  parts,  which  open  into  one  another,  and  of  which  the  three 
first  communicate  with  the  oesophagus.  When  the  grass,  after  im- 
perfect trituration  by  the  organs  of  mastication,  whose  power  is 
inconsiderable,  has  reached  the  paunch,  which  is  the  first  and 
largest  of  the  four  stomachs,  it  undergoes  a  real  maceration,  to- 
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gether  with  an  incipient  acid  fermentation.  The  contractions  of 
the  stomach  propel  the  food,  in  small  quantities  at  a  time,  into 
the  bonnet,  which  is  smaller  and  more  muscular  than  the  paunch  ; 
it  coils  on  itself,  covers  with  mucus  the  already  softened  food,  then 
forms  it  into  a  ball,  which  rises  into  the  mouth,  by  a  truly  anti- 
peristaltic motion  of  the  .oesophagus.  The  alimentary  bolus,  after 
having  been  chewed  over  again  by  the  animal,  which  seems  to  enjoy 
that  process,  descends  along  the  oesophagus  into  the  third  stomach, 
called  the  manyplus,  on  account  of  the  large  and  numerous  folds 
of  its  inner  membrane.  From  this  cavity  the  food  enters  into  tho 
abomasum,  in  which  the  stomachic  digestion  is  completed.  Such  is 
the  mechanism  of  rumination,  a  function  peculiar  to  animals  that 
have  four  stomachs  ;  they  do  not,  however,  ruminate  at  all  periods 
of  their  life.  The  sucking  lamb  does  not  ruminate:  the  half  di. 
gested  milk  does  not  pass  along  the  paunch  or  the  bonnet,  which 
are  useless,  but  at  once  descends  into  the  third  stomach.  Some 
men  have  been  capable  of  a  kind  of  rumination ;  the  alimentary 
ball,  after  descending  into  the  stomach,  shortly  after  rose  into  the 
mouth,  to  be  there  chewed  a  second  time,  and  to  be  anew  imbued 
with  saliva.  Conrad  Peyer  has  made  this  morbid  phenomenon 
the  subject  of  a  dissertation  entitled,  Mericologia,  sive  de  Rumi- 
nuntibus. 

This  fourfold  division  of  the  stomach,  so  favourable  to  Haller's 
theory,  is  observed  only  in  ruminating  animals.  But  though 
animals  are  in  general  monogastric,  as  man,  that  is,  provided 
w  ith  only  one  stomaeh,  this  viscus  offers  a  number  of  varieties,  the 
most  remarkable  of  which  refer  to  the  relative  facility  which  the 
food  meets,  in  remaining  within  its  cavity.  The  insertion  of  the 
cesophagus  is  nearer  to  its  left  extremity,  and  the  great  fundus  of 
that  viscus  is  smaller,  as  animals  feed' more  exclusively  on. flesh, 
which  is  a  substance  of  remarkably  easy  decomposition,  and  not 
reqniring  for  its  digestion  a  long  stay  in  the  stomach.  In  herbi- 
vorous quadrupeds,  whichdo  not  ruminate,  this  great  fundus  forms 
nearly  one  half,  sometimes  even  the  greater  part  of  the  stomach, 
as  the  oesophagus  enters  into  it  very  near  the  pylorus.  In  some, 
as  in  the  hog,  the  stomach  is  divided  into  two  parts  by  a  circular 
contraction.  The  food  which  is  received  into  the  great  fundus  of 
the  stomach,  may  remain  longer  in  tlrat  vinous,  as  this  part  of  its 
cavity  lies  out  of  the  course  of  tiie  aliment. 

XX.  Of  the  gaitric  jiticc.  Of  all  the  organs,  the  stomach 
probably  Tecmcs,  in  proportion  to  its  bdk,  the  greatest  number 
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or  blood  vessels;  in  its  meinbritno-muscular  parietos,  which  are 
little  more  than  the  twelfth  part  of  an  inch  in  thickness,  there  in 
distributed  the  coronary  artery  of  the  stomach,  entirely  destined 
to  that  organ;  the  pyloric,  the  right  gastroepiploic,  given  off  by 
the  hepatic  artery.  The  greater  part  of  the  blond,  therefor.', 
which  passes  from  the  aorta  to  the  caeliac  artery  goes  to  the  sto- 
mach, for,  though,  of  the  arteries  into  which  that  trunk  is  di- 
vided, the  coronary  of  the  stomacb  is  the  least,  the  arteries  of 
the  liver  and  spleen  send  to  the  stomach  several  pretty  con- 
siderable branches,  before  entering  the  viscera  to  which  they 
are  more  particularly  allotted.  One  need  only  observe  the  great 
disproportion  between  the  stomach  and  the  quantity  of  blood 
•which  it  receives,  to  conclude,  that  this  lluid  is  not  merely  subser- 
vient to  its  nutritition,  but  is  destined  to  furnish  the  materials  of 
some  secretion. 

The  secretion  in  question,  is  that  of  the  gastric  juice,  which  is 
most  abundantly  supplied  by  arterial  exhalation,  from  the  internal 
surface  of  the  stomach  ;  it  is  most  active  at  the  instant  when  the 
food  received  within  its  cavity,  excites  irritation,  transforms  it 
into  a  centre  of  Jluxion,  towards  which  the  fluids  flow  from  all 
directions.  The  slate  of  fulness  of  the  stomach,  favours  the  af.lux 
of  the  fluids  into  the  vessels,  as,  in  consequence  of  the  extension  of 
its  parielcs  previously  collapsed,  the  vessels  are  no  longer  bent 
and  creased.  The  arteries  of  the  stomach,  of  the  spleen  and  liver, 
arising  from  a  common  trunk,  it  may  be  easily  understood  how, 
when  the  stomach  is  empty,  little  blood  enters  into  it,  in  that 
state  of  contraction  ;  how,  at  the  same  time,  the  spleen  which  is 
less  compressed,  and  the  liver,  must  receive  a  larger  supply  of 
blood,  and  again  a  smaller  quantity,  when  the  stomach  is  full. 

The  gastric  juice,  the  result  of  arterial  exhalation,  mixes  with 
the  mucus  poured  out  by  the  mucous  follicles  of  the  internal  mem- 
brane of  the  stomach.  This  mixture  renders  it  viscous  and  ropy- 
like  the  saliva,  to  which  in  man,  the  gastric  juice  bears  a  great 
analogy.  It  is  very  difficult  to  obtain  it  pure,  so  as  to  analyze  it, 
and  even  if  by  long  fasting,  the  stomach  should  be  deprived  of  the 
alimentary  residue,  which  might  affect  its  purity,  one  could  not 
prevent  its  being  mixed  with  a  certain  quantity  of  liquid  bile,  which 
always  flows  back  through  the  pyloric  orilice,  turns  yellow  the 
inner  surface  of  the  stomach,  in  the  neighbourhood  of  that  ori6ce, 
and  even  imparts  a  certain  degree  of  bitterness  to  the  gastric  juice. 
The  passage  of  the  bile  from  the  duodenum  into  the  stomach. 
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cannot  be  looked  upon  as  morbid  ;  it  occurs  in  (he  most  perfect 
health,  which  has  led  to  a  well  founded  opinion,  that  a  small  quan- 
tity of  the  biliary  fluid  is  a  useful  stimulus  to  the  stomach.  This 
opiuion  is  confirmed  by  an  observation  of  Vesalius,  who  relates, 
that  he  found  the  ductus  communis  choledochus,  opening  into  the 
stomach,  in  the  body  of  a  convict  netted  for  his  voracious  appetite. 
li  i*  further  confirmed  by  what  is  observed  in  birds  of  prey,  ia 
the  pike,  kc.  who  digest  easily  and  with  great  rapidity,  because 
the  termination  into  the  duodenum  of  the  ductus  communis  chole- 
dochus, being  very  near  to  the  pylorus,  the  bile  easily  ascends 
into  the  stomach,  and  is  always  found  there  in  considerable  quan- 
tity. 

To  obtain  some  of  this  gastric  juice,  it  is  necessary,  either  to 
open  a  living  animal  under  the  influence  of  hunger,  or  to  obllg* 
a  nioht  bird  of  prey,  as  an  owl,  to  swallow  small  spunges  fastened 
to  a  long  thread.  When  the  spnnge  has  remained  for  a  short 
time  in  the  stomach,  it  is  withdrawn  soaked  with  gastric  juice,  of 
which  the  secretion  has  been  promoted  by  its  presence  in  the 
stomach. 

The  gastric  juice,  in  its  natural  state,  is  neither  acid  nor  alka- 
line; it  does  not  turn  red  or  green,  vegetable  blue  colours.  lis 
tnost  remarkable  quality  is,  its  singularly  powerful  solvent  faculty, 
the  hardest  bones  cannot  withstand  its  action;  it  acts  on  those  on 
vrhich  the  dog  feeds;  it  combines  with  all  their  organized  and 
gelatinous  parts,  reduces  them  to  a  calcareous  residue,  forming 
those  excrementitious  substances  so  absurdly  called  album  grascum, 
by  the  older  chemists.  The  solvent  energy  of  the  gastric,  juice, 
is  in  inverse  ratio  of  the  muscular  strength  of  the  parietes  of  the 
stomach,  and  in  those  animals  in  which  the  parietes  of  that  viscus 
are  very  thin,  and  almost  intirely  membranous,  it  has  most  power 
and  activity.  In  the  numerous  class  of  zoophytes,  it  alone  suffi- 
ces to  effect  decomposition  of  the  food,  always  more  prompt, 
when  accompanied  by  warmth  of  the  atmosphere,  as  was  observed 
by  du  Trembley,  in  the  polypi,  which  in  summer,  dissolve  in  twelve 
hours,  what  in  colder  weather  it  would  take  three  days  to  digest. 
Jn  the  actinia,  in  the  holothuria,  the  gastric  juice  destroys  even  th» 
shi  lis  of  the  muscles  w  hich  they  swallow.  Are  we  not  all  acquain- 
ted with  the  peculiar  flavour  of  oysters,  Jiow  much  they  tend  to 
whet  the  appetite  ?  this  sensation  depends  less  on  the  salt  water 
contained  in  the  shell,  than  on  the  gastric  juice  which  acts  on  the 
ougue,  which  softens  its  tissue  and  quickens  its  sensibility.  ThiV 
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mucous  substance,  when  received  into  the  stomach,  promotes  the 
digestion  of  the  food  which  is  afterwards  laken  into  it,  for,  the 
oyster  itself  is  very  little  nutritious,  and  is  used  rather  as  a  condi- 
ment, than  as  affording  nourishment. 

,  The  gastric  juice  not  only  pervades  and  dissolves  the  food  re- 
ceived into  the  stomach,  but  it  unites  and  intimately  combines  with 
it,  completely  alters  its  nature  and  changes  its  composition.  The 
gastric  juice  acts,  in  a  manner  peculiar  to  itself,  on  the  food  expo- 
sed to  its  action,  and  far  from  inducing  a  beginning  of  putrefaction, 
suspends  on  the  contrary  and  corrects  pufrcscency.   This  anlise|)~ 
tic  quality  of  the  gastric  j  uice,  suggested  the  practice  of  moistening 
ulcers  with  it  to  accelerate  their  cure,  and  the  experiments  made  at 
Geneva  and  in  Italy,  have,  it  is  said,  been  fully  successful.    I  have 
made  similar  experiments  with  saliva,  which,  there  is  every  reason 
to  consider,  is  very  similar  to  the  gastric  juice,  and  I  have  seen 
old  and  foul  ulcers  assume  a  better  appearance,  the  granulations 
become  healthy,  and  the  affection  rapidly  advance  towards  a  cure, 
from  the  use  of  that  irritating  fluid.    I  had  under  my  care  an. 
obstinate  sore  on  the  inner  ankle  of  the  left  leg  of  an  adult:  not- 
withstanding the  external  application  of  powdered  bark,  and  of 
compresses  soaked  in  the  most  detergent  fluids,  this  sore  was 
improving  very  slowly,  when  I  bethought  myself  of  moistening  it, 
every  morning,  with  my  saliva,  the  secretion  of  which  was  increa- 
sed, by  the  hideous  aspect  of  the  sore.    From  that  time,  the  patient 
evidently  mended,  and  his  wound  contracting  daily,    at  last 
became  completely  cicatrized. 

However  powerful  the  efheacy  of  the  gastric  juice,  to  dissolve 
the  alimentary  substances,  it  does  not  direct  against  the  coats  of 
the  stomach  its  active  solvent  faculty.  These  parietes  endowed 
with  UfGj  powerfully  resist  solution.  The  lumbrici  so  tender  and 
delicate,  for  the  same  reason,  cau  exist  within  it,  without  being  in- 
the  least,  affected  by  it,  and  such  is  this  power  of  vital  resistance, 
that  the  polypus  rejects  unhurt  its  arms,  when  it  happens  to 
swallow  them  among  its  food.*  But  when  the  stomach  and  the 
other  organs  have  lost  their  vitality,  its  parietes  yield  to  the  solvent 
power  of  the  juices  which  it  may  contain,  they  become  softened, 

*  It  had  been  thought,  that  no  animal  cnukl  live  on  the  flesh  of  its  own  kind, 
and  (his  circumstance  was  explained  on.  the  same  principle;  but  to  refute  it, 
need  only  quote  the  instance  of  cannibals  and  of  several  tribes  of  carni- 
vorous animals,  who,  in  the  absence  of  other  prey,  devour  one  another. 
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pm  even  in  part  destroyed,  if  we  may  believe  Hunter,  who  found 
lis  inner  membrane  destroyed  in  several  points  in  the  body  of  a 
criminal,  who  for  sometime  before  his  execution,  had  been  pre- 
vailed upon,  in  consideration  of  a  sum  of  money,  to  abstain  from 
food. 

The  gastric  juice  is  capable,  even  after  death,  of  dissolving  food 
introduced  into  the  stomach,  by  a  wound  made  into  it,  provided 
the  animal  still  preserves  some  degree  of  animal  heat.  It  acts  oft 
Tegetable  and  animal  substances  triturated  and  put  into  a  small 
vessel,  such  as  those  under  which  Spallanzani,  in  his  experiments 
on  artificial  digestion,  kept  up  a  moderate  heat.  Let  us  not  how- 
ever consider  as  the  same,  this  solution  of  the  food  in  the  gastric, 
juice,  out  of  the  stomach,  and  that  which  occurs  in  digestion  within 
the  organ.  Every  thing  tends  to  shew,  that  the  stomach  ought  not 
to  be  considered  as  a  chemical  vessel,  in  which  there  takes  place 
a  mixture  giving  rise  to  new  combinations.  The  tying  the  nerves 
of  the  eighth  pair,  the  use  of  narcotic  and  of  opium,  intense 
thought,  every  powerful  affection  of  the  mind,  trouble  or  even 
entirely  suspend  digestion  in  the  stomach,  which  cannot  take  place 
independently  of  nervous  influence.  Yet  this  nervous  influence 
may  possibly  not  concur  directly,  and  of  itself,  to  stomachic  diges- 
tion :  it  is  perhaps  merely  relative  to  the  secretion  of  the  gastric 
juice,  which  the  ligature  of  the  nerves,  the  action  of  narcotics  or 
of  other  substances  may  impede,  alter,  or  even  completely  sus- 
pend. 

It  is  now  pretty  generally  admitted,  that  digestion  in  the  stomach, 
consistsinthe  solution  of  the  food  in  the  gastric  juice.  Thispowerful 
solvent  penetrates,  in  every  direction,  the  alimentary  mass,  removes 
from  one  another,  or  divides  its  molecules,  combines  with  it, alters 
its  inward  composition,  and  imparts  to  it  qualities  very  different 
from  those  which  it  possessed  before  the  mixture.  If,  in  fact,  :i 
mouthful  of  wine  or  of  food  is  rejected,  a  few  minutes  after  being 
.'wallowed,  the  smell,  the  flavour,  all  the  sensible  and  chemical 
qualities  of  such  substances,  are  so  completely  altered,  that  they 
can  scarcely  be  recognized  ;  the  vinous  substances  turned,  to  a 
certain  degree,  sour,  are  no  longer  capable  of  the  acetous  fermen- 
Ution.  The  energy  of  the  solvent  power  of  the  gastric  juice, 
pefifgpfl  over-rated  by  some  physiologists,  is  sufficient  to  dissolve 
and  reduce  into  a  pulp,  the  hardest  bones  on  winch  some  animals 
feed.  It  a  highly  probable,  that  its  chemical  composition  varies  at 
different  times  j  that  it  is  acid,  alkaline  or  saponaceous,  according 


to  (lir  nature  of  l!ir  food.  Although  ttai  gastric  juice  bo  (he  mo  t 
powerful  agent  of  digestion,  its  solvent  power  requires  to  be 
aided  by  several  secondary  causes,  as  warmth,  which  seems  to 
increase,  and,  in  a  manner,  to  concentrate  itself  in  the  cpigastiie 
region,  as  long  as  the  stomach  is  engaged  in  digestion  ;  a  sort  of 
inward  fermentation  which  cannot  be,  strictly  speaking,  compared 
to  the  decomposition  which  substances,  subject  to  putrefaction 
and  acesceucy  undergo.  The  gentle  and  peristaltic  action  of  the 
Muscular  fibres  of  the  stomach,  which  press,  in  every  direction,  on 
the  alimentary  substance,  performs  on  it  a  slight  trituration,  while 
the  moisture  of  the  stomach  softens  and  macerates  the  food,  before 
it  is  dissolved  «  one  might  therefore  sayr  that  the  process  of  diges- 
tion is  at  once  chemical,  mechanical,  and  vital  f  in  that  case,  the 
authors  of  the  theories  that  have  been  broached,  have  been  wrong, 
only  in  ascribing  to  one  cause,  such  as  heat,  fermentation,  putre- 
faction, trituration,  maceration,  and  the  action  of  the  gastric 
juice,  a  process  which  is  the  result  of  a  concurrence  of  these  cau- 
ses united. 

The  food  remains  in  the  stomach,  daring  a  longer  or  shorter 
space  of  time,  according  as  by  its  nature,  it  yields  more  or  less 
readily  to  the  changes  which  it  has  to  undergo.  Gosse  of  Geneva, 
ascertained,  by  experiments  performed  on  himself,  that  the  animal 
and  vegetable  fibre,  concrete  albumen,  white  and  tendinous  parts, 
paste  containing  fat  or  butter,  substances  which  have  either  not  un. 
dergone  fermentation,  or  which  do  not  readily  undergo  that  process-, 
remain  longer  in  the  stomach,  offer  more  resistance  to  the  gastric 
juice,  than  the  gelatinous  parts  of  animals  or  vegetables,  fermented 
tread,  &c.  *  that  the  latter  required  but  an  hour  for  their  complete 
solution,  while  the  former  were  scarcely  dissolved,  at  the  end  of 
several  hours. 

XXI.  The  following  case  throws,  methinks,  some  light  on  the 
mechanism  and  importance  of  the  action  of  the  stomach  in  digestion. 
The  patient  was  a  woman  whom  I  had  frequent  opportunities  of  exa- 
miningat  the  "  hopital  delaCharite"  atParis,  in  the  clinical  wards 
of  Professor  Corvisart,  in  which  she  died  on  the  9th  nivose  of  the 
year  X.  after  six  months'  stay  in  the  hospital. 

A  fistulous  opening,  of  an  oval  form,  an  inch  and  a  half  in  length, 
and  upwards  of  an  inch  in  breadth,  situated  at  the  lower  part  of 
the  chest,  at  the  upper  and  left  side  of  the  epigastric  region,  af- 
forded an  opportunity  of  viewing  the  inner  part  of  the  stomach, 
which  When  empty  of  food,  appeared  of  a  vermilion  colour,  wa* 
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iras  covered  with  mucus,  its  surface  wrinkled  over  with  fold* 
about  half  au  inch  deep,  and  enabled  one  to  distinguish  the  vermi- 
cular undulations  of  these  folds,  and  of  all  the  parts  which  were 
in  sight.  The  patient,  who  was  then  forty-seven  years  of  age, 
had  had  this  fistula  since  she  was  in  her  thirty-eighth  year.  Eighteen 
years  before,  she  had  fallen  on  the  threshhold  of  a  door,  the  blow 
had  struck  against  her  epigastric  region.  The  place  remained 
affected  with  pain,  and  she  became  incapable  of  Avalking  or  of 
sitting,  otherwise  than  bent  forward  and  to  the  left  side.  At  the 
end  of  this  long  interval,  a  phlegmonous  and  oblong  tumour  ap- 
peared on  the  injured  spot;  during  the  nausea  and  vomiting  which 
came  afterwards,  the  tumour  broke,  and  there  escaped  at  the 
wound,  which  was  left  by  this  rupture,  two  pints  of  a  fluid  which 
the  patient  had  just  swallowed  to  obtain  relief.  From  that  time, 
the  fistula1,  which  at  first,  would  scarcely  have  admitted  the  tip  of 
the  little  linger,  increased  daily;  at  first  it  allowed  only  the  fluids 
to  pass,  bat,  on  the  eighth  day,  the  solid  food  came  away  freely, 
sni  continued  to  do  so  till  she  died.  When  admitted  into 
the  hospital,  she  ate  as  much  as  three  women  of  her  .age,  she  voided 
about  a  pint  of  urine  and  went  to  stool,  only  once  in  three  days. 
Her  fxces  were  yellowish,  dry,  rounded,  and  weighed  more  than 
a  pound.  Her  pulse  was  very  feeble  and  extremely  slow,  its  pul- 
iation scarcely  exceeding  forty-five  or  forty-six  beats  in  a 
minute.  Three  or  four  hours  after  a  meal,  an  irresistible  desire 
obliged  her  to  take  off  the  lint  and  compresses  with  which  she 
covered  the  fistulous  opening,  and  to  give  vent  to  the  food  which 
her  stomach  might  happen  to  contain ;  it  came  out  rapidly,  and 
there  escaped  at  the  same  time,  and  with  a  noise,  a  certain  quantity 
of  gase3.  The  food  thus  evacuated,  exhaled  an  insipid  smell, 
was  neither  acid  nor  alkaline,  for,  the  chymous  and  grayish 
coloured  pulp  into  which  they  were  reduced,  when  suspended  in  a 
certain  quantity  of  distilled  water,  did  not  affect  vegetable  blues. 
The  digestion  of  the  food  was  far  from  being  always  complete, 
sometimes,  however,  the  smell  of  wine  could  not  be  recognized, 
and  the  bread  formed  a  viscid,  thick  and  soft  substance,  pretty 
similar  to  fibrine  newly  precipitated  by  the  acetous  ncid,  and  it 
floated  in  a  tenacious  liquid  of  the  colour  of  common  broth. 

It  follows,  from  the  experiments  performed  at  the  Kcole  do 
Medicine,  on  these  half  digested  substances,  and  on  the  same 
before  their  admission  into  the  stomach,  that  the  changes  which 
ihvy  ur.deTgo,  consist  in  the  increase  of  gelatine,  iu  the  formation 


110 


bf  a  substance  which  has  the  appearance  of  fibrine,  without  having 
«ll  its  qualities,  in  a  greater  proportion  of  muriate  and  phosphate 
of  soda,  as  well  as  of  phosphate  of  lime. 

This  patient  was  unable  to  sleep,  till  she  had  emptied  her  sto- 
mach, which  she  cleared  by  swallowing  a  pint  of  infusion  of  cha- 
momile. In  the  morning,  there  was  seen  in  the  empty  stomach, 
a  small  quantity  of  a  ropy  frothy  fluid,  like  sali\a.  jr  did  not  turu 
vegetable  blues,  to  a  green  or  red  colour,  was  not  homogeneous, 
but  exhibited  particles,  of  some  degree  of  consistence,  among  the 
more  fluid  parts,  and  even  albuminous  flakes  completely  opaque. 
The  experiments  performed  on  this  fluid,  shewed  that  it  bore  a 
considerable  analogy  to  saliva,  which,  however,  is  rather  more 
liable  to  putrefaction. 

The  vermicular  motion  by  which  the  stomach  cleared  itself  of 
its  contents,  took  place  in  two  dilferent,  but  not  in  opposite  direc- 
tions, the  one  pressing  the  food  towards  the  fistulous  opening,  the 
other  towards  the  pylorus,  through  which  the  smaller  quantity  was 
allowed  to  pass. 

On  opening  the  body,  it  was  found,  that  the  fistula  extended  from 
the  cartilage  of  the  seventh  left  rib,  as  high  as  the  osseous  termina- 
tion of  the  sixth;  its  edges  were  rounded  and  from  three  to  four 
lines  in  thickness  ;  they  were  covered  with  a  thin  moist  skin,  of 
a  red  colour,  and  similar  to  that  of  the  lips.  The  peritoneal  coat 
of  the  stomach,  adhered  so  firmly  to  the  peritoneum  lining  the  fore 
part  of  the  abdomen,  around  the  opening,  that  the  line  of  adhesion 
would  not  be  observed.  The  opening  was  in  the  anterior  part  of 
the  stomach,  at  the  union  of  the  two-thirds  on  the  left  side,  with 
the  third  on  the  right  of  that  viscus;  that  is,  about  eight  fingers' 
breadths  from  its  greater  extremity,  and  only  four  from  the 
pylorus.  It  extended  from  the  greater  to  the  lesser  curvature. 
In  other  respects,  it  was  the  only  organic  affection  of  that  viscus. 

It  should  be  stated,  that  for  several  years,  the  patient  had  been 
thin  and  emaciated,  and  had  ledalanguid  life,  which  was  termi- 
nated by  a  colliquative  diarrhoea.  She  seemed  to  be  supported- 
only  by  the  small  quantity  of  food  which  passed  through  the 
pylorus,  into  the  duodenum,  where  it  received  the  influence  of  the 
bile,  whose  action  on  the  chyme,  is,  as  we  shall  presently  state, 
absolutely  essential  to  the  separation  of  the  nutritious  parts. 
Not  that  there  was  any  thing  to  prevent  the  absorbents  of  the 
stomach  from  taking  up  a  certain  quantity  of  nutritious  particles, 
but  that  small  quantity  of  food,  in  an  imperfect  condition,  was  of 
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very  little  service  in  imparting  nourishment,  ami,  in  tliat  respect, 
she  was  in  similar  circumstances  to  patients  who  are  afl'ected  with 
obstruction  of  the  pylorus,  aud  reject  the  greater  part  of  their 
food,  wheu,  digestion  being  over,  this  contracted  opening  can  no 
longer  allow  any  food  to  pass. 

XXII.  While  the  alimentary  solution  is  going  on,  the  twq 
openings  of  the  stomach  remain  perfectly  closed  ;  no  gas  disen- 
gaged from  the  food,  escapes  along  the  oesophagus,  except  when  di- 
gestion is  imperfect.  A  slight  shivering  is  felt,  the  pulse  becomes 
quicker,  and  more  contracted,  the  vital  power  seems  to  forsake  the 
other  organs,  to  concentrate  itself  on  that  which  is  the  seat  of  the 
digestive  process.  The  parieies  of  the  stomach  are  soon  called 
into  action;  its  circular  fibres  contract  in  different  points;  these 
peristaltic  oscillations,  at  first  irregular  and  uncertain,  acquire 
more  regularity,  and  act  from  above  downwards,  and  frain  the  left 
to  the  right,  that  is  to  say,  from  the  cardiac  to  the  pyloric  orifice. 
Besides,  its  longtitudinal  fibres  shorten  it,  in  the  direction  of  its 
greatest  diameter,  and  bring  nearer  to  each  other  its  two  orifices. 
1  n  these  different  motions,  the  stomach  rises  over  the  pylorus,  so 
that  the  angle  which  it  forms  with  the  duodenum,  almost  entirely 
ceases,  and  this  facilitates  the  escape  of  the  food,  it  has  been 
observed,  that  during  sleep,  digestion  takes  place  much  more 
readily,  when  we  lie  on  the  right,  than  on  the  left  side,  and  this 
circumstance  has  been  ascribed  to  the  compression  of  the  liver  on 
the  stomach.  It  is  much  more  likely  to  depend  on  the  circum- 
stance, that  when  we  lie  on  the  right  side,  the  passage  of  the  food 
is  facilitated  by  its  own  weight,  the  natural  obliquity  of  the  sto- 
mach, from  left  to  right,  being  increased,  by  the  changes  at- 
tending the  presence  of  the  food, 

XXIII.  On  (he  uses  of  the  Pylorus.  The  pyloric,  orifice  is 
furnished  with  a  muscular  ring,  covered  over  by  a  fold  of  the 
mucous  membrane  of  the  stomach.  This  kind  of  sphincter  keeps 
it  perfectly  closed,  while  digestion  is  going  on  in  the  stomach,  and 
will  not  allf»w  a  free  passage  to  the  food  which  has  not  yet  under- 
gone a  sufficient  change.  The  pylorus,  which  is  endowed  witli  a 
p-ciiliar  and  delicate  sensibility,  may  be  considered  as  .a  vigilant 
guard,  which  prevents  any  thing  from  passing  into  the  intestinal 
ranal,  till  it  has  undergone  the  necessary  changes.  Several  authors' 
quoted  by  IJaller,  have,  very  justly,  observed,  that  the  alimentary 

j;^Mnces  do  not  leave  the  stomach,  in  the  same  order  that  they  were 
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received  into  it,  but  that  they  are  evacuated  according  to  the  ir 
degrees  of  digestibility. 

One  may  say,  that  there  really  takes  place  in  the  stomach,  a 
sorting  of  the  different  substances  which  it  contains.  Those  that 
are  most  readily  dissolved,  get  near  to  the  pylorus,  which  admits 
them,  rejecting  those  which,  not  yet  sufficiently  digested,  cannot 
produce  on  it  the  necessary  affection.  To  this  delicacy  of  tacf, 
which  I  ascribe  to  the  pylorus,  will  be  objected,  perhaps,  the 
passage  it  allows  to  pieces  of  money  and  other  foreign  indigestible 
substances.  But  these  bodies,  which  have  always  lain  some 
time  in  the  stomach,  before  theymake  their  way  into  the  intestines, 
repeatedly  attempt  the  orifice  of  the  pylorus,  and  pass  through, 
pnly  when  they  have  at  last  accustomed  it  to  their  contact.  The 
gastric  system  is  under  the  laws  of  a  secretory  gland  :  and  as 
(he  roots  of  the  excretory  ducts,  being  endued  with  a  sort  of 
elective  sensibility,  will  not  receive  the  secreted  fluid,  until  it  has 
undergone  the  necessary  preparation  in  the  glandular  parenchyma, 
in  the  same  manner,  the  pylorus  admits  aliments  and  gives  them 
passago  into  the  intestines,  which  maybe  regarded  as  the  excretory 
ducts  of  the  stomach,  only  when  they  have  been  sufficiently  elabo- 
rated by  the  action  of  this  organ. 

XXIV.  As  the  stomach  empties  itself,  the  spasm  of  the  skin 
goes  off;  the  shivering  is  followed  by  a  gentle  warmth;  the  pnl?o 
increases  in  fulness  and  frequency  ;  the  insensible  perspiration  is 
augmented.  Digestion  brings  on,  therefore,  a  general  action 
analogous  to  a  febrile  paroxysm;  and  this  fever  of  digestion, 
noticed  already  b/  the  ancients,  is  particularly  observable  in 
women  of  great  sensibility.  Nothing  positive  can  be  said  on  the 
duration  of  stomachic  digestion  :  food  passes  sooner  or  slower  froni 
the  stomach,  according  as  its  nature  is  such  as  to  resist,  more  or 
less,  the  actions  which  tend  to  dissolve  it;  according  too  to  the 
strength  and  vigour  of  the  stomach  at  the  time,  and  to  the  activity 
of  the  gastric  juices.  Yetwe  may  state  from  three  to  four  hours,  as 
themeantime  of  (heir  remaining  there.  It  is  of  consequence  to  know 
(hp  time  required  for  digestion  in  the  stomach,  that  we  may  not 
disturb  it  by  baths,  bleedings,  &c.  which  would  call  off  towards 
other  organs,  those  powers  which  ought,  atlhat  time,  to  be  con- 
centrated upon  the  stomach. 

If,  as  is  iudisputable,  the  stomach  carries  with  it,  into  its  action, 
all  the  other  organs  of  the  economy;  if  it  summons  to  itsaid.<§fc> 
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so  to  say,  the  whole  system  of  the  vital  powers;  if  this  sort  of 
derivation  is  the  more  conspicuous,  as  the  organization  is  more 
delicate,  the  sensibility  more  lively,  the  susceptibility  greater,  the 
importance  is  apparent  of  enforcing  a  strict  diet  in  a-eute  diseases, 
and  in  all  cases  w  here  Nature  is  engaged  in  an  organic  operation, 
which  a  little  increase  of  irritation  could  not  fail  to  disorder,  or  to 
break  oil'.  Those  who  have  practised  in  great  hospitals,  knovy 
to  haw  oiaiiv  patients  indigestions  are  fatal.  I  have  seen  some 
with  large  ulcers;  suppuration  was  copious  and  healthy;  the 
granulations  florid  and  all  promising  a  happy  issue,  when  ig- 
norant friends  bring  them  by  stealth  indigestible  food,  with  which, 
they  cram  themselves,  in  spite  of  the  utmost  watchfulness.  The 
stomach,  used  to  a  mild  and  moderate  regimen,  at  once  overloaded 
with  food,  is  chauged  into  a  centre  ofjluxion,  towards  which  the 
juices  and  humours  all  tend,  an  irritation  is  produced  beyond  that 
on  the  ulcerated  surface  ;  which,  in  a  little  time,  ceases  to  secrete 
pus,  the  fleshy  granulation  become  flabby,  extreme  oppression  is 
felt;  with  a  diliiculty  of  breathing  comes  on  a  pungent  pain  in  the 
side,  the  pain  sympathetically  felt  in  the  lungs,  makes  this  organ 
the  seat  of  an  intlammatory  and  purulent  congestion,  a  rattle  ensues, 
and  the  patients  die  of  sullocation,  at  the  end  of  two  or  three  days, 
sometimes  in  twenty-four  hours;  and  this  fatal  termination  is 
especially  accelerated,  when,  as  I  ha»'.e  often  witnessed,  a  blister  is 
applied  to  the  seat  of  the  pain,  instead  of  the  ulcerated  surface. 

It  w-ill  seem  surprising,  perhaps,  that  in  the  case  of  which!  have 
just  been  speaking,  it  should  be  in  the  lungs,  and  not  the  stomach 
itself,  that  the  congestion  and  the  pain  take  place;  but,  besides 
that  the  most  permeable  organ  of  the  body,  is  the  lungs,  as  well  as 
the  weakest,  and  the  most  easily  yielding  to  Jiuxiunarg  motion*, 
a  host  of  instances  prove,  what  a  close  sympathy  unites  it, 'to  the 
stomach.  Let  us  but  call  to  mind  pleurisies  and  bilious  peripneu- 
monic?.  those  acute  pains  of  the  side,  which,  since  Stahl,  physi- 
cians have  so  succesfully  treated  with  vomits.  The  rapidity  with 
which  their  symptoms  go  off",  on  the  evacuation  of  the  sordes 
which  oppress  the  stomach,  shews  clearly  that  these  sympathe- 
tic dia'-asfes  are  not  owing  to  the  metastasis  of  bile  upon  the  lirng?, 
and  that  they  do  not  consist  in  the  simultaneous  existence  of  a 

*  Of  all  tM  orgnn3  it  it  that  in  which  nf  ronit  meet  with  ofg.inic  injury  :  and 
rimtc  who  haie  opened  many  bodies,  may  liave  observed,  how  rare  it  is  to  ltiiti 
ibe  lunji  completely  *ound  in  adult,  and  in  old  men. 
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gastric  affection,  and  of  an  inflammatory  state  of  the  pleura  or 
of  the  lungs,  but  that  they  arc  simple  gastric  affections,  in  which 
the  lungs  are,  at  the  same  time,  the  seat  of  a  sympathetic  pain. 

The  action  of  the  parictos  of  the  stomach  ceases,  only  when  this 
viscus  is  completely  cleared  of  the  food  it  contained.  The  gastric 
juice,  no' longer  secreted,  ceases  t:»  be  poured  so  freely  by  its  ar. 
i.eries,  and  (he  parietes,  which  close  upon  each  other,  are  chielly 
lubricated  by  the  mucus  so  plentifully  secreted  by  the  inner 
coat. 

At  times,  the  action  of  the  muscular  fibres  of  the  stomach 
altogether  inverted,  they  contract  from  the  pylorus,  towards  the 
cardiaj  and  this  anti-peristaltic  motion,  in  which  the  contractions 
are  effected  with  more  force,  more  rapidly,  and  in  a  manner  really 
convulsive,  produces,  vomiting.  Then,  the  action  of  the  abdominal 
muscles  is  added  to  that  of  the  stomach  :  the  viscera  are  driven 
upwards  and  backwards,  by  the  contraction  of  the  large  muscles 
of  the  abdomen;  the  diaphragm  rises  up  towards  the  chest. 
If  it  sunk  as  it  contracted,  the  oesophagus,  which  passes  in  the 
interval  of  its  two  crura,  would  be  compressed,  and  the  pas- 
sage of  the  alimentary  substances  by  the  cardiac  orifice,  could  not 
take  place.  Accordingly,  it  is  observed,  that  it  is  only  during  expi- 
ration, that  any  thing  passes  from  the  stomach  into  the  oesophagus. 
Vomiting  may  depend  upon  the  obstruction  of  the  pylorus,  on  the 
too  irritating  impression  of  any  substance  on  the  coats  of  the 
stomach  ;  it  may  be  produced  by  the  irritation  of  some  other  organ 
with  which  the  stomach  is  in  sympathy,  &c. 

Digestion  in  the  stomach  is  essentially  assisted  by  nervous  in- 
fluence. Many  physiologists,  since  Brunuer,  have  found  that  the 
tying  of  the  eighth,  pair  of  nerves  (the  pneumo-gastriques)  pro- 
voked vomiting  and  retarded  the  work  of  digestion*.  As  it  is 
impossible  to  make  this  experiment  without  affecting  respiration, 
a  function  of  very  different  importance,  it  becomes  difficult  to 
know,  whether  the  derangement  of  digestion  did  not  proceed  from 
the  general  disturbance  brought  upon  all  the  functions  :  however, 
the  brain  does  appear  to  be  in  more  immediate  sympathy  with 

*  Dr.  Haighto.n  has  proved,  in  the  most  satisfactory  manner,  Out  a  ligature  on 
the  eighth  pnir  of  nerves,  far  from  inducing  vomiting,  renders  the  stomach  inca- 
PKble  of  rejecting  its  contents,  even  though  excited  by  the  most  powerful 
emetics. 

SecMemoirt  of  the  London  Medical  Society,  vol.11,  page  512. 
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the  stomach,  than  with  any  other  part  of  (bo  digestive  tnlie.  Dis* 
gust  from  the  recollection  of  loathed  food  excites  vomiting.  'A 
more  than  ordinary  exertion  of  the  brain  relaxes,  diorders,  and 
Vill  even  suspend,  altogether,  the  functions  of  the  stomach:  an 
unexpected  piece  of  news,  a  violent  emotion,  are  attended  with  a 
cessation  of  the  strongest  sensation  of  hunger.  Itwould  be  useless 
to  bring  together,  in  this  place,  proofs  of  the  intimate  connexion, 
subsisting  between  the  brain  and  the  stomach,  through  the  inter- 
vention of  the  pneumo-gastric  nerves,  for,  the  conuexion  is  ques- 
tioned by  no  one. 

XXV.  Oj  digalion  in  the  duodcnttrn.  The  food,  on  quitting 
the  stomach,  enters  the  duodenum  and  there  experiences  new 
changes,  as  essential  as  those  which  were  produced  upon  it,  by  di- 
gestion in  the  stomach.  It  might  even  be  said,  that  as  the  essence 
of  digestion  and  its  principal  object  is  the  separation  of  the  food 
into  two  parts,  the  one  roenmentitious  and  the  other  chylous  or 
nutritious,  the  duodenum  in  which  that  separation  is  performed,  is 
its  principal  organ.  In  fact,  however  carefully  one  may  examine 
the  grayish  chyme  which  is  sent  out  of  the  stomach,  it  will  be  di?- 
covered  to  be  a  mere  slimy  homogeneous  pulp;  and,  in  more  than 
a  hundred  animals  which  I  have  opened  dining  the  process  of  di- 
gestion, I  never  observed  the  absorbents  of  the  stomach  filled  ffjtfa 
real  chyle,  like  those  of  the  intestines. 

The  duodenum  may  be  considered  as  a  second  stomach,  very 
distinct  from  the  other  small  intestines,  by  its  situation  exterior 
to  the  peritoneum,  by  its  size  and  by  its  readiness  of  dilatation, 
the  size  and  regularity  of  its  curvatures,  the  great  number  of  val- 
vule conniventes  with  which  its  inner  part  is  furnished,  the  pro- 
digious quantity  of  chylous  vessels  which  arise  from  it,  and  espe- 
cially by  its  receiving,  within  its  cavity,  the  biliary  and  pancreatic 
fluids.  If  the  situation  of  the  duodenum  and  the  peculiarities  of 
it-,  structure  are  attended  to,  it  will  be  readily  observed,  that  every 
thing  in  that  intestine,  tends  to  slacken  the  course  of  the  alimen- 
tary substance,  and  to  prolong  its  stay  within  it,  that  it  may  remain 
the  longer  exposed  to  the  action  of  these  iluids. 

The  duodenum  is,  in  fact,  almost  entirely  uncovered  by  the  pe. 
litoneuin,  a  serous  membrane,  which  like  all  those  that  line  the 
Juside  of  the  great  cavities,  and  rellect  themselves  over  the 
vi^rcia  which  they  contain,  by  furnishing  them  external  coverings, 
admits  but  of  little  extension  and  seems  to  stretch,  when  these 
viscera  become  dilated,  only  by  the  unfolding  of  its  nmucrous  du- 
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plirahiros.  Fixed  by  a  raMier  loose  cellular  ti",  jo  to  tbfl  poifr. 
riorside  of  the  abdomen,  the  duodenum  is  susceptible  of  such  di- 
latation, as  to  equal  the  stomach  in  size,  as  is  sometimes  n,  in 
opening  dead  bodies.  Its  curvatures  depend  on  the  neighbouring 
organs,  and  seem  almost  invariably  fixed ;  lastly,  numerous  val« 
vulaj  line  its  inner  surface,  so  as  to  add  to  the  friction,  and  lo  in- 
crease the  extent  of  surface,  and  thereby  the  number  cf  absorbents 
destined  to  take  up  the  chyle  separated  in  the  duodenum,  from  the 
«  xcrementitious  part  of  the  food,  by  the  action  of  the  Snide  poured 
into  it,  from  th«  united  duels  of  the  liver  and  pancreas. 

XXV  [.  Of  (he  bile  and  of  the  or  gents  which  serve  for  its  score, 
(ion.  The  bile  is  a  viscous,  bitter,  and  yellowish  iluid,  containing 
a  great  quantity  of  water,  of  albumen  to  which  it  owes  its  viscid 
condition,  and  oil  to  Avhich  the  colouring  and  bitter  principle  is 
united.  Soda,  to  which  the  bile  owes  the  property  of  turning 
vegetable  blues  to  a  green  colour,  phosphates,  carbonates,and  mu- 
riates of  soda,  phosphates  of  lime,  and  of  ammonia;  and,  lastly,  as 
some  say,  oxide  of  iron,  and  a  saccharine  substance  resembling 
the  sugar  of  milk.  This  fluid,  which  the  ancients  looked  upon  as 
animal  soap,  fitted  for  effecting  a  more  intimate  mixture  of  the  ali- 
mentary matter,  by  Combining  its  watery  w  ith  its  fat  and  oily  parts, 
is,  therefore,  extremely  compound:  it  is  at  once  Watery,  albu- 
minous, oily,  alkaline,  and  saline.  The  liver  which  secretes  it,  is 
a  very  bulky  viscus,  situated  in  the  upper  part  of  the  abdomen  and 
kept  in  its  place,  chieily  by  its  attachment  to  the  diaphragm,  of 
which  it  follows  all  the  motion. 

The  hepatic  artery,  which  the  cceliac  sends  off  to  the  liver,  sup- 
plies it  only  with  the  blood  requisite  for  its  nutrition:  the 
materials  of  its  secretion  arc  brought  by  the  blood  of  the  vena 
portae. 

This  opinion  on  the  uses  of  the  hepatic  arb  rv,  which  I  take  np 
with  Haller,  cannot  rest  upon  the  experiments  of  tftdse  who  pre- 
tend to  have  seeu  the  secretion  of  the  bile  going  on,  after  it  was 
tied.  Besides  that  the  position  of  this  vessel  makes  the  operation 
almost  impossible,  which  gives  me  reason  to  doubt  if  ever  it  was 
practised, — by  intercepting  the  course  of  the  arteiial  blood  carried 
to  the  liver,  this  viscns,even  tinder  the  received  hypothesis,  w  ould 
Temain  deprived  of  nourishment  and  ofaetiou  :  and  the  vena  porta? 
would  supply  it,  in  vain,  with  a  blood  on  which  it  could  exert  no 
inilnVnce.  When  this  vein  is  tied,  which  it  is  far  more  easily  done 
than  the  artery,  the  secretion  of  bile  is  seen  to  stop  :  but  the  expe* 
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riment  which  suspends  the  abdominal  venous  circulation,  is  ton 
epcedilv  fatal,  to  justify  any  conclusive  inference.  It  is  on  analo- 
gical proofs  that  the  received  hypothesis  rests,  touching  the  man- 
iterof  the  biliary  secretion.  The  hepatic  artery, remarkably  lessened 
by  the  branches  it  has  sent  off  in  its  way  towards  the  liver,  is  to  that 
organ  what  the  bronchial  arteries  are  to  the  lungs;  and  in  the 
sans*- manner,  the  branches  of  the  vena  porta;,  spread  through  its 
substance,  may  be  compared  to  the  system  of  pulmonary  vessels. 
It  is  still  to  bo  confessed,  however,  that  the  enormous  bulk  of  (he 
liver. ,  its  being  found  in  almost  all  animals,  and  the  quantity  of 
blood  carried  into  it  by  the  vena  porlae,  compared  to  the  small 
secretion  there  is  of  bile,  lead  to  the  belief  that  the  blood  sent  to  it 
from  all  the  other  organs  of  digestion,  undergoes  changes  there, 
on  which  Science  possesses,  as  yet,  no  certain  data,  though  the 
chemi>fs  maintain,  that  the  liver  is,  in  some  sort,  the  supplementary 
organ  of  the  lungsj  and  assists  in  clearing  the  blood  of  its  hydrogen 
and  carbon. 

This  name  of  vena  porta;  is  given  to  a  particular  venous  system, 
enclosed  in  the  abdominal  cavity,  and  formed  as  follows:  the  veins 
which  bring  back  the  blood  of  the  spleen,  and  the  pancreas,  of  the 
stomach  and  intestinal  canal,  are  united  in  a  very  large  trunk, 
winch  ascends  towards  the  concave  face  ,  of  the  liver,  and  there 
divides  into  two  branches.  These  He  yia  deep  fissure  in  the  sub- 
stance of  this  viscus  ;  they  send  out,  through  all  its  thickness,  a 
mnltitude  of  branches^  which  divide  like  arterial  vessels,  and  end, 
in  part,  by  opening  into  the  biliary  ducts  or  pores,  and,  in  part, 
by  producing  the  simple  hepatic  veins.  These  veins,  situated 
chiefly  towards  the  convex  or  upper  surface  of  the  liver, bring  back, 
into  the  course  of  the  circulation,  the  blood  which  has  not  been 
employed  in  the  formation  of  bile,  and  that  which  has  not  served 
to  nourish  the  substance  of  the  liver:  for,  they  arise  equally  from 
the  extremities  of  the  vena-porta?,  and  from  the  extremities  of  the 
ramifications  of  the  hepatic  artery. 

'1  he  'her  differs  from  all  organs  of  secretion,  i:i  this,  that 
»he  materials  of  the  fluid  it  elaborates,  are  not  supplied  to  it  by  its 
arteries.  It -hould  seem  that  the  bile,  a  fat  and  oily  fluid,  in 
"fiich  hydrogen  and  carbon  predominate,  could  be  drawn  only 
fio.n  venous  blood,  in  which,  as  is  known,  these  two  principles 
*v  111  superabundance.  The  blood  acquires  the  venous  qualities,, 
as  it  passes  along  the  circuitous  course  of  the  circulation,  and  \s 
•applied  with  hydrogen  and  carbon  the  more  fully,  the  slower  jt 
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flows.  Now,  it  is  easy  to  see,  that  all  is  naturally  disposed  for 
slackening  the  circulation  of  the  hepatic  blood,  and  to  give  it 
eminently,  the  distinguishing  properties  of  venous  blood.  The 
arteries  which  furnish  blood  to  the  organs,  in  which  the  vena  porta 
rises,  are  either  very  flexuons  as  the  splenic,  or  frequently  anasto- 
mose, like  the  arteries  of  the  intestinal  tube,  which  of  all  that 
are  in  the  body,  abound  most  in  visible  divisions  and  anasto- 
moses. It  will  be  seen  in  the  chapter  on  circulation,  how  well 
these  dispositions  are  adapted  for  retarding  the  course  of  the 
arterial  blood.  Once  carried  into  the  organs  of  digestion,  the  blood 
stays  there,  whether  it  be  that  the  coats  of  the  hollow  viscera, 
being  collapsed  or  closed  upon  themselves,  hardly  yield  it  passage, 
or  that  the  organization  of  some  one  of  these  viscera  is  favourable 
to  its  stagnation. 

The  spleen  seems  to  serve  this  purpose.  Does  this  dingy  and 
soft  viscus,  lodged  in  the  left  hypocondrium,  and  attached  to  the 
great  fundus  of  the  stomach,  receive  the  blood  into  the  minute 
cells  of  its  spungy  parenchyma,  or  does  this  fluid  merely  traverse, 
very  slowly,  the  delicate  and  tortuous  ramifications  of  the  splenic 
vessels  ?  In  other  respects,  there  is  no  organ  that  exhibits  more 
variety  of  number,  of  bulk,  of  figure,  of  colour,  and  of  consistence. 
Sometimes  manifold,  often  divided  into  several  lobes  by  deep  clefts  • 
its  bulk  varies,  not  only^n  different  individuals,  but  even  in  the 
same,  at  different  times  of  the  day,  as  the  stomach,  full  or  empty, 
admits  or  rejects  the  arterial  blood,  and  compresses  the  spleen 
between  its  large  extremity,  and  the  ribs  under  which  it  is  situated* 
or  leaves  it  free. 

The  blood  which  fills  the  tissue  of  the  spleen,  blacker,  more 
fluid,  richer  in  oily  principles,  owes  all  these  qualities,  which  led 
the  ancients  to  consider  it  as  a  peculiar  subtance,  called  by  them 
the  atra  bilisorblack  bile,  to  its  long  protracted  continuance  within 
that  viscus.  The  branches, which  by  their  union  foim  the  vena  porta;, 
have  thinner  parietes  than  the  other  veins  of  the  body,  they  are 
not  furnished  with  valves,  and  they  do  not  readily  free  themselves 
of  the  blocd  which  fills  them.  The  action  of  these  veins  is,  in  fact, 
so  feeble,  that  it  would  not  suffice  to  enable  them  to  carry  the 
blood  onward,  if  the  gentle  and  alternate  compression  of  the  dia- 
phragm and  abdominal  muscles  on  the  viscera  of  the  abdomen,  did 
not  favour  its  circulation.  On  reaching  the  liver,  the  blood,  which 
is  highly  venous,  is  further  slackened  in  its  circulation,  by  the  in- 
creased dimensions  of  the  space  in  which  it  is  contained,  the  united 
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caliber  of  the  branches  of  the  hepatic  vena  porta?,  exceeding  con- 
iiderably  that  of  the  principal  trunk.  Besides,  these  vessels  are 
enveloped  in  the  parenchymatous  substance  of  the  liver,  and  can 
act  but  feebly.  It,  therefore,  circulates  slowly  through  that  or- 
gan, and,  with  difficulty,  returns  into  the  course  of  circulation. 
The  hepatic  veins,  which  are  of  pretty  considerable  caliber,  and 
without  valves,  remain  constantly  open,  their  parietes  cannot 
close  and  contract  on  the  blood  which  fills  them,  on  account  of 
their  adhesion  to  the  parenchymatous  substance  of  the  liver. 
They  open  into  the  vena  cava,  very  near  the  place  at  which  that 
vein  terminates  into  the  right  auricle.  The  regurgitation  of  the 
blood,  during  the  contraction  of  that  cavity  of  the  heart,  is  felt  in 
the  veins,  and  the  blood  forced  back  towards  the  liver,  is  exposed' 
for  a  longer  time  to  its  action. 

The  spleen,  therefore,  performs  only  preparatory  functions,  and 
mav  be  considered  as-  the  auxiliary  of  the  liver,  in  the  secretion  of 
the  bile.  It  is  observed,  that  the  quantity  of  the  latter  increases, 
aft*  r  the  spleen  has  been  extirpated,-  and  that  it  is  less  yellow, 
less  bitter,  and  always  imperfect.  The  blood  which  circulates  in 
the  omentum,  is  very  similar  to  that  of  the  spleen;  I  would  even 
say,  that  it  contains  oily  particles,  if  the  drops  which  I  have  clearly 
noticed  on  its  surface,  might  not  have  come  from  the  adipose,  tissue 
of  the  omentum,  which  allows  the  fluid  contained  in  its  cells  to 
flow,  when  a  small  puncture  is  made  into  it,  in  examining  the 
blood  contained  in  its  veins. 

The  bile  secreted  in  the  tissue  of  the  liver*  is  absorbed  by  the 
biliary  ducts,  the  union  of  which  forms  the  hepatic  duct.  The 
latter  issues  from  the  concave  surface  of  the  liver,  and  conveys 
the  bile,  either  immediately  into  the  duodenum,  by  means  of 
the  ductus  communis  choledochus,  or  into  the  gall  bladder.  This 
>mall  membranous  pouch,  which  adheres  by  means  of  cel- 
lular tissue  to  the  lower  surface  of  the  liver,  is  in  some  animals 
entirely  distinct  from  that  organ,  and  connected  to  it,  only  by  the 
insertion  of  it3  duct,  into  that  which  comes  from  the  liver.  Its 
inner  membrane  is  soft,  fungous,  plicated,  and  always  covered 
with  the  mucus,  secreted  by  the  glandular  criptse  which  it  contains. 
This  mucus  defends  the  gall  bladder  against  the  action  of  the  bile 
which  it  contains.    The  almost  parallel  course  of  the  hepatic  and 


•  See,  in  the  chapter  to  secretion,  the  lnw»"Which  that  function  ob?ys„ 
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cystic  ducts,  the  acute  angle  at  which  they  meet,  renders  il  diffi- 
cult to  account  for  the  passage  of  the  bile  into  the  gall  bh-d- 
der.  It  appears,  that  when  (he  duodenum  is  empty,  lhci.il.-. 
regurgitates,  in  part,  from  the  hepatic  duel  into  the  gall  bladder, 
collects  within  it,  becomes  thicker  and  yellow er,  and  acquires  a 
greater  degree  of  bitterness.  Consequently,  the  use  of  the  gall 
bladder,  is  to  serve  as  a  reservoir  to  a.  portion  of  the  bile,  which, 
by  remaining  within  it,  is  improved  in  quality,  acquires  coii',i^ence 
and  bitterness,  and  is  heightened  in  colour,  by  the --absorption  of 
its  lluid  parts. 

XXVIT.  The  irritation  produced  on  the  parietes  of  the  duode- 
num, when  distended  by  the  chyme,  is  propagated  to  the  null 
bladder,  by  the  cystic  and  common  ducts.  Its  paiie-tes  (hen 
contract,  and  oblige  the  bile  to  How,  along  this  cystic  duct 
into  the  ductus,  communis  choledochus.  The  pressure  of  the 
distended  intestines  on  the  gall  bladder,  favours  the  excretion  of 
bile.  The  hepatic  bile  is  also  more  abundantly  poured  into  tiffs 
duodenum  during  digestion,  from  being  secreted  in  greater  quan- 
tity by  the  liver,  which  participates  in  the  irritation  affecting 
the  organs  of  digestion,  and  secretes. a  greater  quantity.  The 
cystic  and  hepatic  bile,  mixed  in  the  ductus  communis  choledochus, 
undergoes  a  change  before  entering  the  duodenum,  by  uniting 
with  the  fluid  of  the  pancreas.  The  excretory  duct  of  the  pancreas, 
a  glandular  organ,  -which,  in  structure,  bears  so  great  an  analogy 
to  the  parotid  glands,  that  some  physiologists,  assuming  an  in- 
dentity  of  functions,  have  called  it  the  abdominal  salivary  gland, 
joins  the  biliary  duct,  before  the  latter  opens  in  the  duode- 
num, after  having  insinuated  itself  obliquely  between  the  coats 
of  that  intestine.  It  arises  within  the  pancreas,  from  a  great 
number  of  radicles  which  join  it,  like  the  feathers  of  a  quill  to 
a  common  trunk.  Its  caliber  increases  in  size,  as  it  approaches 
the  large  end  of  the  pancreas,  si  tinted  on  the  right,  in  the  concavity 
of  (he  second  curvature  of  the  duodenum.  .Nothing  precise  is 
known,  with  regard  to  the  nature  of  the  pancreatic  .fluid  ;  the 
striking  resemblance  of  the  pancreas  to  the  salivary  glands  leads 
to  a  presumption,  that  this  fluid  bears  considerable  analogy  to  the 
saliva.  The  quantity  of  fluid  secreted  by  the  pancreas  is  likewise 
unknown,  but  it  must  be  considerable,  if  one  may  judge  from  the 
great  number  of  nerves  and  vessels  which  pervade  its  glandular 
tissue,  and  its  quantity  is,  most  probably,  iucrcascd  by  the  irrita- 
tion of  the  food  in  the  duodenum. 
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This  combination  of  the  united  paucreaticand  biliary  fluids  poured 
on  the  chyme,  penetrates  it,  renders  it  fluid,  animalizes  it,  sepa- 
rates the  chylous  from  the  excrcmentitious  part,  and  precipitates 
■w  hatever  is  sot  nutritious.    In  bringing  about  this  separation,  the 
•bile  itself  seems  to  be  divided  into  two  parts,  its  oily,  coloured, 
and  bitter  portion  passes  along  "with  the  excrements,  sheathes 
them,  and  imparts  to  them  the  stimulating  qualities  necessary  to 
excite  the  action  of  the  digestive  tube.    Its  albuminous  and  saline 
particles  combine  with  the  chyle,  become  incorporated  to  if,  are 
absorbed  along  with  it,  and  return  into  the  circulation.  There 
may,  in  fact,  be  noticed  in  the  alimentary  mass,  after  it  has  under- 
gone this  combination,  two  very  distinct  parts,  the  one  is  a  whitish 
milky  substance,  which  swims  to  the  surface  and  is  the  least 
in  quantity;  the  other  is  a  yellowish  pulp,  in  which,  when  di- 
gestion is  healthy,  it  is  not  easy  to  recognize  the  nature  of  the 
food.    When  the  liver  is  obstructed,  and  the  bile  does  not  flow  in 
'sufficient  quantity,  the  fsces  are  dry  and  discoloured;  the  patients 
are  troubled  with  obstinate  costiveness,  the  excrement,  uncom- 
bined  with  the  bitter  and  colouring  matter  of  the  bile,  not  proving 
sufficiently  irritating  to  the  intestinal  canal. 

Vv'e  have  just  mentioned  how  the  separation  of  the  chyle  is  per- 
formed; but  the  mechanism  of  that  separation  and  the  process  of 
chylification  are  absolutely  unknown.  How  does  the  union  of  the 
bile  to  the  chyme  operate,  in  extracting  from  the  latter  the  recre- 
tnentitious  part,  and  in  making  it  swim  above  the  rest?  Is  there 
any  connexion  between  that  process  and  the  nature  of  the  consti- 
tuent principles  of  the  bile?  the  knowledge  of  the  composition 
of  the  bile,  affords  as  little  assistance  in  the  explanation,  as  does 
the  knowledge  of  the  chemical  properties  of  the  s^men,  in  under- 
standing the  admirable  function  of  generation.  All  these  acts  of 
the  animal  economy,  aie  as  mysterious  and  inexplicable,  as  the 
action  of  the  brain  in  producing  thought,  a  phenomenon  w  hich  so 
many  physiologists  have  considered  as  exceeding  the  power  of 
matter,  and  for  which  they  seem  to  have  reserved  all  their  admira- 
tion, though  nil  miruri,  which  I  would  translate  by  wandering  at 
nothing,  ought  to  be  the  motto  of  any  one  who  has  made  some 
progress  in  the  study  of  the  laws  of  life. 

XX  v  III.  Of  the  action  of  the  small  intestines.  After  re- 
maining a  certain  time  within  the  duodenum,  the  alimentarv  mass 
decomposed  by  the  bile,  or  rather  by  the  pancreatico-biliary  fluid, 
M  parated  into  two  parts,  the  one  chylous,  the  other  excrementi- 
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Hons,  passes  into  the  jejunum  and  ileum,  which  are  not  er  -  dis- 
tinguished from  each  other,  and  which  differ  in  their  relative 
length;  according  to  the  elements  on  which  anatomists  ground  the 
distinction.* 

The'jejuriitm  and  the  ileum  alone  occupy  nearly  three-fourths  of 
the ttfrole  length  of ihe  digestive  canal ;  they  are  sfraiter  t  the 
duodenum,  and  do  not  dilate  so  readily,  because  the  periti.  iriL 
which  forms  their  outer  covering,  lies  over  their  whole  sun  ■  , 
with  the  exception  of  the  posterior  border  at  w  hich  their  v°' 
and  nerves  enter.  It  is  along  that  border,  that  they  are  fixed  to 
the  mesentery,  a  membranous  band  formed  by  a  duplicative  of  the 
peritoneum,  which  contains  the  vessels  and  nerves  going  to  the 
jejunum  and  ileum,  which  prevents  knots  from  forming  in  the  intes- 
tines,Hud  is  a  security  against  the  occurrence  of  intus-susceptio.  It  i.« 
well-known,  how  ever,  that  in  some  rare  cases,  intus.-usceptio  doe? 
take  placf,  with  utmost  danger  of  the  patient's  life,  w  ho  gen'  rally 
dies  in  the  agonies  of  insufferable  cholic  pains,  which  nothing  can 
alleviate.  The  progress  of  the  food,  along  the  small  intestines,  is 
retarded  by  its  numerous  curvatures,  very  aptly  compared  by  some 
physiologists  to  the  windings  of  a  meandering  stream  which 
fertilizes  the  soil  it  waters.  These  numerous  convolutions  of 
the  intestinal  canal  favour  the  long  continued  presence  of  the 
food  within  its  cavity,  so  that  the  ch\  le  expressed  from  the  excre- 
mentitious  part  by  the  peristaltic  contractions  of  the  intestine,  may 
present  itself  to  the  inhaling  mouths  of  the  racteals,  by  w  hich  it  is 


*  Tler-dness  of  the  pariet'es  of  the  jejunum,  the  empty  condition  of  Hint 
intestine,  its  situation  in  the  umbilicnl  fegiofi,  the  great  number  of  its  WtlVulfe 
conniventes.do  not  extinguish  it  from  the  ileum,  for,  tlie  colour  of  the  intestinal 
canal  varies  in  different  parts  of  its  extent,  and  Ihe  substances  which  fill  it  are 
found  in  difl'erent  pans  of  the  canal,  according  to  the  progress  of  digestion  at 
the  lime  the  parts  are  examined  ;  according  as  the  convolutions  are  situated 
within  Ihe  cavity  of  the  pelvis,  or  rise  towards  the  epigastric  region  ;  according 
to  the  full  or  empty  state  of  the  bidder  and  stomach;  and  the  number  of  cir- 
eflhir  folds,  called  valvule  conniventes,  diminishes-,  asone  gets  near  to  the  termi- 
nation of  the  ileum.  Winslow  got  ovcrlhe  dillkulty,  by  considering  the  upper 
two-fifths  of  the  small  intestines  as  jejunnm,  and  the  remaining  three-fifths 
as  ileum.  This  last  division,  from  measurement,  is  wholly  arbitrary,  and  i's 
hesides  useless,  for,  there  U  not,  perhaps,  above  one  occasion  id  which  it  would 
TiViritcreiting'to  dlWingttlsfi  tbe  jejminm  from  the  ileum.  In  opcrati..*  for 
hernia,  ivhen  the  intestine  is  mortified,  one  would  decide  the  more  readily  to 
leave  an  artificial  anus,  ,f  one  could  be  sure  that  the  gangrenous  portion  be- 
longed to  the  latter  intestine ;  but  of  this  it  is  absolutely  impossible  to  be 
certain. 
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10  be  absorbed;  Th*P«  chylous  iibsorbcqta  are  in  greatest  number 
on  the  surface  of  the  valvulu;  coimiveiites,  which  are  circular  folds 
of  the  inner  membrane,  and  these  are  at  a  greater  distance  from 
each  other,  the  nearer  they  are  to  the  termination  of  the  ileum. 
The  vaJvulai  coaniveutes  not  only  slacken  the  progress  of  the  food, 
but  by  their  projections,  they  sink  during  the  contraction  of  the 
bowels,  into  the  alimentary  mass,  and  the  lacteals  on  (heir  surface 
lake  up,  from  its  inmost  part,  the  chyle  which  they  are  destined  to. 
absorb. 

The  number  of  the  vahnlffi  connirontes  diminishes  with  that  of 
the  lymphatics.  The  progress  of  the  alimentary  substance  is  gra- 
dually accelerated,  as  it  parts  with  its  nutritive  and  rceremcnti- 
iious  particles.  A  fpiautity  of  mucus,  secreted  by  the  internal 
membrane  of  the  small  intestines,  envelops  the  chymous  mass  and 
promotes  its  progress,  by  lubricating  it;  this  intestinal  mucus 
thrown  out  by  the  exhalant  arteries  imbues  it.  renders  it  liquid  and 
adds  to  its  bulk. — This  fluid  which  seems  to  partake  of  the  nature 
of  albumen  and  gelatine,  and  to  hold  several  saline  substances  in 
solution,  is,  for  the  greater  part,  recrementitious,  and  must  be  very 
considerable  in  quantity,  if  we  may  judge  from  the  caliber  of  the 
mesenteric  arteries,  and  from  the  extent  of  the  internal  surface  of 
the  intestines.  It,  is,  however,  scarcely  possible,  that  this  exhala- 
tion should  amount  to  eight  pounds  in  twenty-four  hours,  accord, 
ing  to  Ilaller's  calculation,  who,  as  we  shall  observe,  when  we 
treat  of  the  secretions,  has  generally  over-rated  their  amount. 

The  peristaltic  contractions,  by  the  assistance  of  w  hich,  the 
alimentary  mass  is  sent  along  the  whole  course  of  the  small  intes- 
t  iks,  do  not  occur  in  a  regular  and  uninterrupted  succession,  from 
the  stomach  to  the  ccecum.  This  undulatory  and  veimicular  mo- 
tion manifests  itself  at  once,  in  several  points  of  the  length  of  the 
tube,  whose  curvatures  straighten  themselves  at  intervals.  In  this 
action,  the  intcstiualcuives  are  decomposed  into  agreat  number  of 
short  straight  lines  which  meet,  so  as  to  form  obtuse  angles.  The 
peristaltic  motion  which  affects  the  muscular  fibres  of  the  Tntes- 
tines,  is  caused  by  the  irritation  of  the  alimentary  substance  on  the 
ienticnt  parietesof  the  canal  along  which  it  descends,  towards  the 
great  intestines.  The  jejunum  and  the  ileum,  covered  by  the  peri, 
toneum,  except  at  (he  part  which  connects  them  to  the  mesentery, 
at  the  time  of  dilatation,  separate  the  two  peritoneal  lamina;,  form- 
ing the  mesentery.  They  occupy  the  space  between  the  branches 
of  the  mesenteric  vessels,  whose  last  division  is  always  at  some 
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distance  from  the  adhering  edge  of  the  intestine.  If  this  division 
of  the  vessels  had  taken  place,  nearer  to  the  union  of  the  intestine 
and  mesentery,  the  intestinal  canal  would  not  have  admitted  of 
dilatation,  without  stretching  the  vessels  situated  at  the  angle  of 
separation.  It  rs  likewise  observed,  that  in  the  portions  of  the 
digestive  tube  which  are  most  susceptible  of  dilatalion,  the  last 
vascular  divisions  are  most  distant.  Hence  the  left  gastro-epiploic 
artery  is  always  at  a  greater  distance  from  the  great  curvatuie 
of  the  stomach,  than  the  right,  a  circumstance  of  which  no  anato- 
mist has  hitherto  taken  notice. 

XXIX.  Of  digestion  in  the  great  intestines.  The  alimentary 
mass,  after  it  has  parted  with  nearly  the  whole  of  its  nutritive  par- 
ticles, passes  from  the  ileum  into  the  ccecum ;  it  then  is  received  into 
the  great  intestines,  which  are  more  spacious,  though  shorter,  than 
the  small,  forming  scarcely  a  fifth  of  the  whole  length  of  the  diges- 
tive tube. 

A  musculo-membranous  valvular  ring  is  placed  at  the  oblique 
insertion  of  the  ileum  into  the  first  of  the  great  intestines.  This 
valve,  called  after  Eustachius  or  Bauhinus,  who  are  considered  as  v 
its  discoverers,  though  the  merit  of  the  discovery  belongs  to  Fallo- 
piiis,is  formed  of  two  semi-circular  segments,  the  right  edge  of  w  hich 
is  free  and  floats  towards  the  cavity  of  thecoecum.  The  more  the 
parietes  of  that  intestine  are  distended  by  the  substances  vt  hich.it 
contains,  the  greater  is  the  difficulty  to  the  retrograde  flow  of  such 
substances,  for  under  those  circumstances,  the  two  extremities  of  the 
valve  are  at  a  distance  from  each  other,  and  its  edges,  which  are 
free,  close  on  each  other,  like  those  of  a  button  hole  whose  angles 
are  drawn  in  opposite  directions;  besides,  the  muscular  fibres  which 
enter  into  its  structure,  render  it  capable  of  exerting  constriction. 
It  is,  therefore,  calculated  to  permit  the  ready  flow  of  matter, 
from  the  ileum  into  the  ccecum,  and  forcibly  prevent  their  return 
into  the  small  intestines.  There  are  facts  which  lead  to  a  belief, 
that  its  resistance  is  sometimes  overcome,  and  that  a  clyster,  thrown 
in  with  violence,  would  force  the  valve  and  be  thrown  up  by 
vomiting.  The  great  intestines  may  be  considered  as  a  kind  of 
reservoir  destined  to  contain,  for  a  certain  time,  the  excremcnti- 
tious  residue  of  our  solid  aliments,  so  as  to  save  us  the  disgusting 
inconvenience  of  constantly  parting  with  it. 

As  the  peritoneum  does  not  wholly  cover  the  great  intestines,  they 
are  capable  of  considerable  dilatation,  and  of  extending  into  the  ce  l- 
lular substance  which  connects  them  to  the  posterior  part  of  theab- 
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domcn.  Their  muscular  coat  which,  in  a  manner,  is  the  base  of  the 
intestinal  tube,  does  not  consist  throughout,  of  circular  and  longitu- 
dinal nines.  The  latter,  collected  into  fasciculi,  form  three  narrow 
bands,  in  the  intervals  of  which,  the  parietes  of  the  gut  arc  excee- 
dingly weakened,  and  consequently  capable  of  greater  extention. 
'lliese  longitudinal  fibres  being,  besides,  shorter  than  the  intestine, 
crease  it  transversely,  and  form  within  it  a  number  of  cavities  and 
cHls,  marked  outwardly  by  prominences  separated  by  depressions. 
If,  in  addition  to  these  peculiarities  of  structure,  it  be  considered, 
that  in  the  ccecum  and  a  great  part  of  the  colon,  the  contents  of 
the  bowels  have  to  ascend  against  their  own  weight;  that  the  cur- 
vature forming  the  sigmoid  flexure  of  the  colon  is  very  considera- 
ble, and  that,  in  short,  the  rectum  before  its  outer  termination  in 
a  narrow  aperture,  is  considerably  dilated,  it  will  be  evident, 
that  in  the  great  intestines,  every  thing  tends  to  protract  the  stay 
of  the  excrements. 

The  appendicula  vermi-formis  of  the  ccecum  is,  in  man,  too 
small  to  perform  this  office  ;  in  the  herbivorous  quadrupeds,  in 
which  it  is  much  larger,  and  sometimes  not  single,  it  may  serve  as 
a  reservoir  to  the  frccal  matter.  Its  existence  merely  shews  in, 
man,  an  analogy  to  those  animals  in  which  it  is  truly  useful,  and  it 
concurs  in  manifesting,  that  Nature,  in  the  formation  of  particular 
organs,  in  certain  kinds  of  animals,  aims  at  a  mere  outline  which 
she  fills  up  in  others,  to  shew,  as  it  were,  that  there  are  points  of. 
resemblance  between  all  beings  whom  she  has  gifted  with  life  and' 
motion. 

While  in  the  great  intestines,  the  alimentary  substance  becomes 
merely  faecal,  by  parting  with  the  small  quantity  of  chyle  which  it 
may  yet  contain.  The  number  of  the  absorbents  decreases  pro- 
gressively from  the  ccecum  to  the  rectum ;  the  small  number  of 
these  vessels,  accounts  for  the  difficulty  of  throwing  in  nourishment 
by  means  of  clysters,  when  there  is  an  obstruction  to  deglutition. 
The  excrements  thicken,  harden,  and  become  formed  or  moulded, 
in  the  cells  of  the  colon,  they  are  then  urged  by  the  peristaltic 
action,  into  the  rectum,  in  the  cavity  of  which  they  accumulate, 
till  thoy  excite  on  its  parietes  an  action  which  determines  their 
fxpnhion. 

XXX.  Of  the  evacuation  of  the  faiccs.  When  a  call  to  eva- 
cuate the  faeces  is  fxperienced,  the  rectum  contracts,  while  the 
diaphragm  descending,  and  the  abdominal  muscles  receding  to- 
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wards  the  spine*,  thrust  the  viscera  of  the  abdomen  towards  the  ca- 
vity of  the  pelvis,  and  compress  the  intestines  which  are  filled  with 
frecal  matter.  Daring  thrse  efforts,  the  perineum  perceptibly 
descends,  and  the  fibres  of  the  levator  ani  are  somewhat  elongated. 
The  combined  action  of  the  rectum  and  of  the  abdominal  muscles, 
overcomes  the  resistance  of  the  sphincters,  and  the  alvine  evacua- 
tion takes  place,  and  is  facilitated  by  the  secretion  of  the  mucous 
follicles  of  the  rectum  :  these  glands,  squeezed  by  the  pressure  of 
the  fieces,  pour  out  their  contents  and  lubricate  the  circumference 
of  its  lower  aperture.  AY  hen  the  fa:ces  have  been  voided,  the 
diaphragm  rises,  the  large  muscles  of  the  abdomen  cease  to  press 
backwards  and  downwards  upon  the  viscera  of  that  cavity:  the 
perineum  ascends  and  the  sphincters  close,  till  a  renewal  of  the 
same  call,  again  brings  on  the  same  action. 

The  call  to  void  the  faeces,  is  more  frequent  in  children  than  in 
adults,  because,  at  an  early  period  of  life,  the  sensibility  of  the 
intestinal  canal  is  greater,  the  contents  of  the  bowels,  more  fluid, 
and  digestion  more  active.  As  we  advance  in  years,  sensibility 
becoming  Unpaired,  and  contractility  experiencing  a  proportionate 
loss  of  power  ;  the  secretions  being,  likewise,  less  abundant,  the 
bowels  become  sluggish,  the  stools  more  scanty  and  indurated. 
They  are,  likewise, less  frequent  and  copious  in  w  omen  than  in  men , 
whether  it  be,  that  the  digestive  power  extracts  from  the  aliment, 
a  greater  proportion  of  nutritious  matter,  or  that  the  menstrual 
evacuation  being  a  kind  of  substitute  for  the  intestinal  secretions, 
less  remains  to  add  to  the  bulk  of  the  excremenfitious  mass.  The 
evacuatiot;  of  the  fa?ces,  may  be  brought  on  by  throwing,  liquids  into 
the  rectum,  which  dilute  the  fasces,  detach  them  from  the  parietes 
of  the  intestines,  and,  exciting  on  these  parietes  an  irritation  to 
w  hich  they  are  not  accustomed,  determine  their  conlractiou. 


*  Somcphysiologistshavc  considered  as  unnecessary,  this  concurrent  action  of 
the  diaphragm  and  abdominal  muscles;  they  ground  their  opinion  on  the  cir- 
cumstance, that  animals  Wn'ose  abdomen  has  been  laid  open  are  capable  of 
voiding  their  freces.  Astruc,  one  of  the  luminaries  of  Montpcllier,  denies  the 
action  of  the  abdominal  muscles,  in  the  efforts  which  one  makes  at  stool,  and  in 
support  of  his  opinion,  he  brings  forward  this  geometrical  proposition  "that 
a  cord  disposed  in  the  form  of  a  circle,  can,  by  contracting,  shorten  itself  in  an 
infinitely  small  de-ree,  and,  therefore,  not  perceptibly."  On  which  I'itcaim, 
humorously  enough  observes,  that  Astrue  had  never  practised  what  he  reasons 
upon  :  "  credo  Astruccium  nunquam  atcassc." 
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Tin-  fl  tor  of  the  excrements  depends  on  their  incipient  putrefac- 
tion in  the  great  intestines.  This  decomposition  is,  almost  always, 
attended  with  the  extrication  of  gases,  in  which  iulphureted  hy- 
dro-en pmails.  This  gas,  which  at  times  escapes,  and  which  at 
others  impregnates  the  farces,  is  the  cause  of  the  black  colour 
which  they  give  to  silver  exposed  to  their  action.  One  may  recog- 
nize in  the  excrements,  the  colouring  matter  of  vegetables,  such  as 
the  green  colour  of  spinage,  the  red  of  beet  root ;  one  may,  like- 
wise, find  among  them,  the  tibrous  p»rts  of  plants  and  animals, 
tlu  indurated  bark,  and  the  seeds  covered  with  their  husks.  The 
digestive  juices  have  so  little  action  on  husks,  that  seeds  which 
have  not  been  broken  down  by  the  organs  of  mastication,  fre- 
quently continue  capable  of  vegetation. 

During  the  progress  of  digestion,  the  food  contained  in  the  sto- 
mach and  intestines  absorbs  or  extricates  different  gases.  M. 
Jurine,  cf  Geneva,  opened  the  body  of  a  maniac  who  had  been 
dead  a  few  hours,  and  collected  the  gases  which  escaped ;  he  ob- 
served, that  the  proportion  of  oxygen  and  carbonic  acid  diminishes 
from  the  stomach  towards  the  great  intestines,  while,  on  the  con- 
trary, there  is,  in  these,  an  increased  proportion  of  azote;  that 
h\ drogen  is  more  abundant  in  the  great  than  in  the  small  intes- 
tines, that  it  is  less  in  quantity  in  these  than  in  the  stomach.  Do 
the  oxygen  and  azote  form  a  part  of  the  atmospherical  air  which 
is  taken  in  with  the  food  and  with  the  saliva,  and  which  is 
disengaged  by  the  heat  of  the  intestinal  canal  ?  Or  are  these  gases 
the  result  of  the  decomposition  of  the  food  and  of  the  intestinal 
fluids?  Besides,  may  not  the  gas  contained  in  the  intestines  of  a 
dead  body,  have  been  formed  at  the  moment  of  death?  We  know 
that,  in  several  instances,  at  the  moment  contractility  is  forsaking 
our  organs,  the  intestines  become  distended  by  gas  which  hastens 
the  approach  of  death,  by  impeding  the  descent  of  the  diaphragm. 

Digestion,  when  healthy,  is  unaccompanied  by  the  production  of 
<*ases.  In  indigestion,  there  almost  always  escapes  carbonated  or 
sirfphureted  hydrogen  gas,  which  produces  the  offensive  smell  of 
the  air  which  escapes  at  the  anus;  this  smell  is  different  from 
that  of  the  flatus  which  are  brought  upwards,  these  contain  pure 
hydrogen  or  carbonic  acid  gas.  The  latter  is,  likewise,  sometimes 
voided  by  the  rectum,  but  less  frequently  than  hydrogen  combined 
with  carbon,  sulphur,  or  even  phosphorus.  Is  not  ammonia  itself 
extricated,  and  does  it  riot  accompany  the  evacuation  of  the  fjeces 
in  certain  putrid  diarrluras,  as  in  dy?entery  combined  with  low 


'fever?  Though  the  formation  of  this  gas  implies  a  putrefactive 
motion  opposed  to  the  vital  principle,  may  not  this  decompo- 
sition commence  in  substances  lying  in  the  great  intestines,  when 
these  are  become  almost  inert  from  the  impaired  condition  of  the 
"vital  power.  This  would  not  be  the  only  instance  of  a  chemical 
process  taking  place  in  the  intestinal  canal,  notwithstanding  the 
counteracting  influence  of  vitality.  Thus,  on  some  occasions, 
grapes  eaten  in  too  great  quantity,  ferment  and  produce  carbonic 
acid  gas,  in  such  abundance,  that  this  elastic  fluid  overcomes  the 
resistance  of  the  intestines.  This  is  the  kind  of  distention  from 
■flatulence  which  is  cured  by  drinking  plentifully  of  cold  water, 
which  dissolves  the  gas  naturally  soluble  in  that  fluid. 

XXXI.  Of  the  secretion  and  excretion  of  the  urine.  The 
fluids  absorbed  with  the  chyle,  and  taken  tip  by  the  lymphatics  of 
the  intestinal  tube,  dilute  the  nutritive  part  extracted  from  the 
solid  aliment,  and  serve  it  as  a  vehicle.  When  they  have  reached 
the  mass  of  the  blood,  they  increase  its  quantity,  diminish  its  vis- 
cidity and  render  it  more  fluid  ;  going  along  with  it  throughout, 
"the  whole  course  of  the  circulation,  they  supply  moisture  to  all  the 
parts  of  the  body,  and  become  loaded  with  the  molecules  detached 
from  them  by  the  vital  motion.  Then,  conveyed  to  the  urinary 
organs,  they  become  disengaged  from  the  rest  of  the  fluids,  carry- 
ing along  with  them  a  number  of  products  of  every  kind,  which  by  a 
longer  stay  in  the  animal  economy,  would  not  fail  to  occasion  a 
manifest  disturbance  in  the  exercise  of  the  functions. 

XXXII.  The  rapidity  with  which  we  void,  with  the  urine, 
certain  diuretics,  has  induced  several  physiologists  to  think,  that 
there  exists  a  direct  communication  between  the  stomach  and 
bladder ;  no  one,  however,  has  ever  succeeded  in  pointing  out 
those  peculiar  ducts,  which  might  serve  to  convey  the  urine  from 
the  stomach  to  the  urinary  organs,  without  taking  the  circuitous 
course  of  absorption  and  of  the  circulation,  and,  besides,  the 
learned  Haller  has  proved,  by  accurate  calculations,  that  the  size 
of  the  renal  arteries,  whose  caliber  amounts  to  an  eighth  of  that  of 
the  aorta,  and  the  quickness  with  which  the  blood  flows,  sufficed  to 
account  for  the  shortness  of  the  time  in  which  certain  fluids  reach 
the  urinary  organs. 

A  thousand  ounces  of  blood  pass  through  the  renal  tissue  in  the 
space  of  an  hour  :  supposing  that  this  fluid  contains  only  a  tenth  of 
the  materials  fit  for  supplying  urine,  a  hundred  ounces,  or  seven 
pounds  and  a  quarter,  may  be  given  out  in  this  shoit  time:  and 
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I*  vor,  with  the  mo>t  copious  and  diuretic  di Inks,  docs  more  of  it 
pass  in  an  hour.  We  shall  see,  however,  in  treating  of  absorp- 
tion, (that  it  is  not  absolutely  impossible,  that  by  means  of  the 
numerous  anastomoses  of  the  lymphatics,  this  set  of  vessels  may 
carry  a  liquid)  directly  from  the  stomach  into  the  bladder.  It 
would  be  superfluous  to  mention,  in  this  place,  the  vai ieties  ob- 
s«Tvab!c  in  the  kidneys,  in  point  of  number,  size,  and  situation. 
The-e  two  lobular  viscera,  composed  of  the  union  of  from  twelve 
to  fifteen  glandular  bodies,  divided  in  the  foetus,  and  in  some  qua- 
drupeds, attached  to  the  posterior  part  of  the  abdomen,  behind  the 
peritoneum,  are  surrounded  with  a  cellular  covering  of  different 
thickness,  and  particularly  remarkable  by  the  consistence,  ap- 
proaching to  that  of  tallow,  »f  the  fat  which  fills  its  cells. 

Jf  ever  the  art  of  man  shall  penetrate  into  the  mystery  of  the 
intimate  structure  of  our  organs,  it  seems  probable  that  the  kid- 
neys will  furnish  the  first  solution  of  the  problem.  Even  coarse 
injections  pass  readily  from  the  renal  arteries  into  the  ureters, 
or  excretory  duels  of  the  kidneys  ;  a  convincing  proof  of  immediale 
communication  among  the  minute  arteries,  w  hich,  exceedingly  tor- 
tuous, form,  with  the  minute  veins,  the  cortical  or  outward  sub- 
stance of  the  kidneys,  ajul  the  straight  miliary  tubes,  which,  dis- 
tributed in  conical  fasciculi,  in  the  interior  of  these  organs,  con- 
stitute what  has  been  called  its  tubuli  and  papilla;.  The  passage 
of  injections  from  the  arteries  into  the  renal  veins,  is  as  easy;  and 
1  have  often  seen  the  coarsest  liquids  ilowiug  at  once  by  the  ureters 
and  by  the  emulgent  veins.  This  free  communication  between 
the  arteries,  the  veins,  and  excretory  ducts  of  the  kidneys,  gives 
an  idea  of  the  rapidity  with  which  the  blood  must  flow  through 
these  organs,  whose  firm  consistence  allows  a  very  moderate  dila- 
tation to  the  vessels  ;  and  suggests  the  possibility  of  a  sort  of 
filtration  of  the  urinary  liuid,  the  secretion  of  which  would  be 
only  a  succession  of  chemical  or  mechauical  separations,  from  the 
blood,  in  its  passage  along  very  minute  ducts,  of  a  bore  progres- 
sively decreasing.  This  was  the  opinion,  at  least,  of  Ruysch, 
wbo*e  system  on  the  intimate  composition  of  our  organs,  and  on 
the  immediate  continuation  of  the  blood-vessels  with  the  excretory 
ducts,  is  chiefly  founded  on  the  faefs  of  structure,  discovered  to 
him  by  his  beautiful  injections  of  the  renal  arteries. 

The  kidneys  are  of  duller  sensibility,  and  less  energetic  action 
than  the  other  gland*.    The  force  of  life  has  less  to  do  in  their 
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secretion,  and  their  functions  may  be  more  readily  explained  on 
the  principles  of  chemistry  or  hydraulics. 

XXXIII.  If  we  attempt,  indeed,  to  apply  to  the  urinary 
organs  the  fundamental  laws  on  the  mechanism  of  secretions*,  it 
is  soon  seen,  that  these  Organs  are  pot  under  their  absolute  con- 
troul.  Of  all  the  animal  fluids,  urine  is  the  one  most  complex  in 
its  elements,  and  most  variable  in  its  qualities.  Not  only  do  fo- 
reign substances  sometimes  appear  in  it,  affect,  and  even  change 
its  composition ;  other  fluids  may,  at  times,  mix  with  it,  and  dis- 
guise it  altogether.  Thus  credible  observers  tell  us  of  the  appea- 
rance in  urine,  of  bile,  fat,  milk,  blood,  pus,  of  which  many  facts 
may  be  found  collected  in  Haller's  great  work  on  physiology. 
The  kidneys,  then,  have  less  sensibility  than  the  other  secretory, 
organs:  they  reason  less,  if  I  may  venture  on  the  expression,  on 
the  sensation  produced  by  the  various  substances  in  the  blood:  their 
action  i3  also  less  powerful;  it  does  not  so  intimately  affect  the 
fluid  subjected  to  it.  It  does  not  change  the  heterogeneous  quali- 
ties of  those  that  are  mixed  with  it,  and  allows  them  to  pass  ii> 
a  pure  state. 

This  multitude  of  elements  in  the  composition  of  urine,  had 
surely  been  understood  by  the  ancients,  before  it  was  demon- 
strated by  modern  chemistry  ;  for,  they  considered  it  as  a  sort  of 
extract  of  animal  sbstance,  as  a  real  lixivium,  carrying  off  all  that 
is  impure  in  the  economy,  and  gave  it  the  name  of  lotium.  which 
indicates  that  destination. 

Finally,  the  secretion  of  urine  is  more  uniformly  carried  on  :  it 
is  continual,  or  at  least,  does  not  exhibit  so  prominently  those 
alterations  of  action  and  repose,  so  apparent  in  the  work  of  the 
other  secretory  organs.  When,  in  a  case  of  retention  of  unne, 
we  introduce  a  catheter  into  the  urinary  bladder,  and  leave  it  there, 
the  urine  keeps  dropping  continually,  and  would  wet  the  patient's 
bed,  if  the  orifice  of  the  catheter  were  not  kept  closed.  In  the 
memoirs  of  the  Academy  of  Sciences  for  the  year  1761,  there  is 
related  a  case  of  singular  conformation  of  the  urinary  bladder. 
This  musculo-mcmbranous"  viscus  protruded  through  an  opening 
at  the  lower  part  of  the  linea  alba,  and  was  turned  inside  out,  so 
as  to  present,  externally,  its  mucous  membrane.  This  case  afforded 
an  opportunity  of  observing  the  contiuual  flow  of  the  urine 

*  Sec  the  Chapter  on  Sccrttion, 
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through  the  orifices  of  the  ureters,  an'd  of  aic<  rlainmg  fhetliffe; 
lent  circumstances  attending  this  process,  either  with  regard  to 
the  qualities  of  this  iluid,  or  to  the  quantity  w fitch  might  be 
voided,  in  a  certain  space  of  time,  and  in  this  reject,  there  was 
a  good  deal  of  difference,  according  to  the  state  of  sleep  and 
waking',  to  the  quantity  and  to  the  diuretic  qualities  of  the 
di;:ik. 

The  urine  contained  in  the  ureters  is  turbid  and  imperfect;  its 
constituent  parts  are  not  thoroughly  blended  together,  as  may  be 
observed,  if  made  to  How,  by  compressing  the  kidneys  in  a  dead 
body.  It  improves  by  passing  along  those  ducts,  acquires  the 
characteristic  qualities  of  urine,  oozes  at  the  surface  of  the  papillae, 
and  llows  into  the  membranous  calices  which  embrace  the  rounded 
terminations  of  the  tubuli  uriniferi.  The  union  of  the  calices 
forms  the  pelvis,  or  the  expanded  portion  of  the  ureters,  or  mem- 
branous ducts,  along  which  the  urine  is  incessantly  flowing 
into  the  bladder.  The  urine  flows  into  the  bladder  by  its  own 
■w  eight,  and  especially  by  the  action  of  the  parietes  of  the  ureters, 
which  possess  a  certain  degree  of  contractility.  To  the  above 
causes,  may  be  added  the  concussions  excited  by  the  pulsations  of 
the  renal  arteries,  behind  which  the  pelvis  of  the  kidney  is  situated, 
and  by  the  pulsations  of  the  iliac  arteries,  in  front  of  which  the 
nreter  passes,  before  enteringthe  cavity  of  the  pelvis  ;  the  alternate 
compression  from  the  viscera  of  the  abdomen,  during  the  motions 
of  respiration;  the  concussion  attending  bodily  exercise,  as  riding 
on  horseback,  walking,  running,  &c.  ;  the  pressure  of  the  column 
of  urine  from  the  kidneys,  and  the  want  of  resistance  towards  the 
bladder. 

XXXIV.  The  urine  is  continually  passing,  in  drops,  into  the; 
bladder,  it  separates  its  parietes,  without,  however,  exciting  in 
them  any  perceptible  impression,  as  they  are  accustomed  to  its 
stimulus.  The  urine  cannot  accumulate  in  the  musculo-membra- 
nous  cavity  of  the  bladder*,  which  is  situated,  exterior  to  the  peri- 
toneum, in  the  cavity  of  the  pelvis,  behind  the  pubis,  above  which, 
in  the  adult,  it  never  rises,  except  when  excessively  distendud, 

*  In  the  numerous  tribe  of  birds,  the  bladder  is  wanting.  In  them,  the  ureters 
open  into  the  cloaca,  a  riiusculo-mcmhranous  bag,  which  supplies  the  place  of 
the  rectum,  bladder,  and  uterus,  and  which  serves  as  a  reservoir  to  the  bulid  ex- 
crements, to  the  urine  and  to  the  eggs  detached  from  the  ovaria.  The  urine  of 
birds  dilates  the  fecei  and  furnishes  the  carbonate  of  liuic  which  forms 
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unless  it  is  prevented  from  flowing  along  the  urethra,  or  from  re- 
turning by  the  ureters.    Tliis  retrograde  How  is  prevented  by  the 
oblique  insertion  of  these  ducts,  which  pass,  for  some  distance, 
between  the  muscular  and  mucous  coats  of  the  bladder,  before 
opening  within  it,  towards  the  posterior  angles  of  the  trigone 
,ves'ical*,  by  openings  of  smaller  dimensions  than  their  cavity. 
The  inner  coat  of  the  bladder,  raised  o.-er  these  apertures,  gives 
them  the  appearance  of  being  provided  with  valves,  which  fit  the 
better  these  orifices,  according  as  the  urine  contained  in  the  Mad- 
der, by  separating  its  parietes,  prosse-.  against  each  other  the  coats 
by  which  they  are  formed,  and  between  which  the  ureters  pass, 
along  a  space  of  from  seven  to  eight  lines. 

The  urine  which  fowsinto  the  bladder,  requires  a  certain  de- 
gree of  force,  to  separate  its  parietes  on  which  the  weight  of  the 
intestines  presses.  This  is  effected  by  no  other  power,  than  hy 
that  which  causes  the  flow  of  the  urine  along  the  ureters,  and 
though  inconsiderable,  it  will  appear  sufficient,  if  it  be  considered 
that  the  fluids  which  pass  from  a  strait  channel  into  a  larger  ca- 
vity, act  on  every  superficial  portion  of  its  parietes  equal  to  the 
area  of  the  channel,  with  a  power  equal  to  that  which  determines 
their  How  into  the  latter;  so  that  if  the  urine  descends  along  the 
ureters,  with  a  degree  of  force  equal  to  one,  and  if  the  inner  surface 
of  the  bladder  is  a  thousand  times  more  extensive  than  the  area  o{ 
the  ureters,  the  power  will  be  multiplied  a  thousand  fold. 

This  purely  mathematical  proposition'  is  expressed  by  saying, 
that  the  force  with  which  the  urine  passes  along  the  ureters,  is  ta 
that  by  which  the  parietes  of  the  bladder  are  distended,  as  the 
caliber  of  the  ureters  is  to  the  superficies  of  the  bladder. 

The  pressure  which  the  urine,  accumulated  within  the  bladder, 

Ihe  basis  of  the  egg  shell.  It  Ins  sucli  a  tendency  to  concretion,  that  I 
have  always  observed,  in  dissecting  various  fowls  of  different  kinds,  an 
earthy,  saline  or  crystallized  substance,  funning  white  stria;  rnsily  seen- 
in  the  fluid  of  the  ureters,  through  their  thin  nnd  transparent  coats. 
Hence  one  may  readily  conceive,  how  frequently  calculi  would  form  in  theso 
animals,  if  their  urine  accumulated  and  remained,  for  any  length  of  time,  sta- 
tionary in  a  cavity  destined  to  contain  it. 

*  The  French  anatomists  give  the  name  of  trigone  vesical,  to  that  portion  of 
the  bladder  included  between  the  openings  of  the.  ureters  and  the:  neckofilu 
bladder,  and  forming  a  triangle,  whose  base  is  represented  by  a  line  drawn  from 
the  opening  of  one  ureter  to  the  other,  and  whose  apex  issituitcd  at  (he  insertion 
of  the  urethra  into  the  neck  of  the  bladder.  *• 
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exerts  00  tin*  lower  part  of  the  ureters,  does  not  prevent  the  force 
which  determines  its  descent  along  the  ureters,  from  carrying  it 
into  the  bladder: — for,  the  column  which  descends  along  the 
ureters,  beiua  higher  than  that  contained  in  the  bladder,  these  two 
organs  represent  an  inverted  <yphon,  the  longer  branch  of  which  is 
represented  by  the  ureter. 

The  following  are  the  causes  which  enable  the  bladder  to  retain 
the  urine:  the  contraction  of  its  sphiucter,  a  muscular  ring  sur- 
rounding the  termination  of  the  urethra  into  the  bladder:  the 
angle  formed  by  that  canal,  after  it  leaves  the  bladder:  and  lastly, 
the  action  of  the  anterior  fibres  of  the  levator  ani,  which  surround 
the  neck  of  that  organ,  surrounded  besides  and  supported  by  the 
prostate  gland.  These  fibres,  which  are  calculated  to  compress 
the  prosiate  over  the  neck  of  the  bladder,  and  to  raise  the  latter 
against  the  pubis3have  been  called  byMorgagni,|wei<£/o  sphincter cs 
vesica: . 

The  urine,  deposited  by  drops  into  the  bladder,  gradually  sepa- 
rates its  parietes.    This  musculo-membranous  organ  rises,  and  at 
the  same  time,  carries  upwards  the  convolutions  of  the  ileum, 
and  the  peritoneum  before  which  it  lies,  behind  the  pubis  and  the 
recti  muscles  with  which  it  is  in  immediate  contact.    These  rela- 
tions of  the  peritoneum  to  the  distended  bladder,  account  for  the 
possibility  of  puncturing  it  above  the  pubis,  so  as  to  let  out  an  accu 
mulation  of  urine,  without  penetrating  into  the  cavity  of  the  perito- 
neum.   The  urine  remains  a  certain  time  in  the  bladder,  according 
lo  the  capacity  of  the  latter,  to  the  irritability  and  extensibility  of 
its  parietes,  and  according  to  the  acrid  or  stimulating  qualities  of 
the  fluid  itself.    Thus  in  old  men,  in  whom  the  bladder  has  but  a 
small  degree  of  irritability  and  contractility,  the  urine  is  voided 
ii-ss  frequently:  it  accumulates  in  greater  quantity,  and  is,  at 
times,  evacuated  with  difficulty.    The  use  of  diuretics,  especially 
of  cantharides,  renders  the  urine  more  stimula  ting,  it  excites 
powerfully  the  parietes  of  the  bladder  and  incessantly  stimulates 
it  to  confraction.    Every  cause  of  irritation  seated  within  the 
bladder  itself,  or  in  its  vicinity,  rentiers  more  frequent  the  calls  to 
void  urine.    This  is  observed  in  cases  of  stone  in  the  bladder,  of 
piles,  gonorrhaia,  &c.    The  urine,  while  in  the  bladder,  becomes 
thicker  from  the  absorption  of  its  more  lluid  parts,  its  elements  be- 
come more  intimately  blended,  sometimes  even,  it  appears  to  un, 
rl<  rgo  a  certain  degree  of  decomposition. 
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XXXV.  When,  either  by  the  extension  which  the  urine  occa- 
sions in  the  muscular  fibres  of  the  bladder,  or  by  the  irritation 
which  it  excites  in  the  nerves  distributed  on  its  inner  membrane, 
we  experience  in  the  pelvis  a  sensation  of  weight,  together  with  a 
kind  of  tenesmus,  which,  as  it  extends  along  the  urethra,  warns  us 
to  void  urine  ;  then  we  bring  on  a  contraction  of  the  bladder,  and 
joining  to  its  action,  that  of  the  abdominal  muscles  and  of  the  dia- 
phragm, we  expel  the  urine  by  a  process  very  similar  to  that  of 
the  excretion  of  the  faices  (XXIX).  It  should  be  observed,  how- 
ever, that  in  a  healthy  state  of  the  parts,  this  assistance  is  required, 
only  to  overcome  the  equilibrium  between  the  contractions  of  the 
bladder,  and  the  resistance  which  the  cause  of  retention  opposes 
to  the  evacuation  of  the  urine.  After  the  simultaneous  contrac- 
tion of  the  diaphragm  and  abdominal  muscles,  to  press  down  the 
intestines  on  the  bladder,  and  to  determine  the  first  flow  of  the 
urine,  we  cease  that  effort,  and  the  bladder  alone,  still  supported 
by  the  weight  of  the  surrounding  viscera,  which  compress  it  as  il 
empties  itself,  completes  the  evacuation.  We  repeat  the  first 
effort,  only  in  case  we  wish  to  accelerate  the  flow  of  the.  urine. 
In  the  evacuation  of  the  fjeces,  on  the  contrary,  the  muscular  coat 
of  the  rcctumrequires  the  incessant  co-operation  of  the  respiratory 
powers,  as  these  solid  substances  are  evacuated  with  more  effort 
than  the  urine.  To  prove,  beyond  a  doubt,  that  the  urine  is  eva- 
cuated, chiefly  by  the  action  of  the  bladder,  one  need  but  observe 
the  violent,  but  useless  straining  of  patients  affected  with  reten- 
tion of  urine,  from  paralysis  of  the  bladder-. 

The  urine  is  projected  along  the  urethra  with  the  greater  force,- 
as  it  passes  from  a  spacious  cavity,  into  a  strait  canal,  and  it  is  ex- 
pelled with  a  force  proportioned  to  that  of  the  muscular  coat  of  the 
bladder  ;  we  know,  that  in  old  men,  this  is  so  weak,  that  the 
jet  of  urine  is  not  projected  more  than  a  few  inches  beyond  the 
urethra.  The  urethra  is  not  to  be  considered  as  inert  in  the  evacua- 
tion of  the  urine,  it  closes  upon  it  and  accelerates  its  flow,  aided  in 


*  It  is  scarcely  credible  that  some  physiologists  should  have  considered  thu 
organ  as  inert  and  absolutely  passive,  in  the  evacuation  of  the  ur.ne,  which  in 
their  opinion,  is  performed,  by  the  immediate  pressure  of  .he  abdominal  muscles 
and  diaphragm  on  that  cavity.  Amid  .his  varie.y  of  opinions,  if  you  with  to 
come  at  the  truth,  you  must  take  a  medfum.  Kiacos  intra  muros  peccatur,  H 
extra. 
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that  action,  by  the  bulbo-cavernous  muscles  to  which  several  ana- 
tomists have  given  a  name  taken  from  their  functions,  (accelerators* 
mince). 

The  action  of  these  muscles  expels  the  last  drops  of  urine  which 
remain  within  the  urethra,  when  the  bladder  is  completely  emp- 
tied. The  contractile  and  tonic  action  of  the  urethra  is  so  dis- 
tinctly marked,  that  itsspasmodic  contraction  may  be  enumerated, 
among  the  causes  which  frequently  occasion  a  difficulty  iu  intro- 
ducing the  catheter.  If  we  attempt  to  inject  fluids  along  the 
urethra,  the  moment  we  remove  the  pipe  of  the  syringe  which 
closes  its  external  orifice,  that  instant,  the  parietes  of  the  canal 
contract  on  the  fluid  and  expel  it  with  a  rapid  jet. 

The  bladder  and  the  canal  of  the  urethra  are  lined  internally 
with  a  membrane,  whose  mucous  follicles  secrete  a  viscid  humour 
calculated  to  protect  the  parietes  of  these  organs,  against  the  action 
of  the  urine,  and  to  facilitate  ths  evacuation  of  that  fluid.  This 
membrane,  whose  surface  is  more  extensive  than  the  cavities  which 
it  lines,  forms  a  great  number  of  folds,  which  disappear  when  the 
bladder  is  distended  with  urine.  This  mucus  is  secreted,  iu  an 
unusual  quantity,  in  catarrhal  affections  of  the  bladder,  and  be- 
comes, likewise,  more  ropy  and  more  albuminous.  The  mucous 
secretion  of  the  glands  of  the  urethra  is  altered  in  its  quality,  and 
becomes  more  abundant,  from  the  action  of  the  venereal  poison, 
and  gives  rise  to  the  discharge  of  gonorrhoea;  the  orifices  of  these 
1  acunae  may  stop  the  end  of  a  catheter,  so  as  to  add  to  the  difficulty 
of  introducing  that  instrument*. 

The  urine  cannot  be  voided  at  the  same  time  as  the  faeces,  when 
these,  by  their  hardness,  compress  the  prostatic  and  the  membra- 
nous part  of  the  urethra,  situated  before  the  lower  extremity  of 
the  rectum.  It  is  difficult,  and  often  impossible,  to  void  urine, 
during  a  violent  erection,  as  the  parietes  of  the  canal  are  then 

*  When  this  operation  is  performed  in  a  case  of  simple  paralysis  of  the  bladder, 
it  is  tetter  to  employ  a  very  large  catheter,  which  may  stretch  the  parietes  of 
the  urethra  and  prevent  their  forming  into  winkles,  and  whose  rounded  beat 
may  not  eet  engaged  in  the  lacuna;  of  that  canal. 

When  in  a  case  of  retention  of  urine,  the  bladder  rises,  above  the  pubis,  ite 
bas  fond  it  carried  upwards,  and  there  is  a  period  of  excessive  distention,  at 
which,  like  the  uierui  in  an  advanced  stage  of  pregnancy,  it  seems  to  make 
an  rffort  (o  ri><;  above  the  brim  of  the  pelvis;  under  such  circumstances  in 
women,  it  is  impo-'ible  to  introduce  the  catheter,  except  by  increasing  Vie  curve 
vf  lb*  in-'.r  jir.enf . 
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t-lost'Iv  r-pplii  J  to  each  other,  by  the  turgesccnce  of  the  corpus 
spongiosum  and  of  tlie  corpora  cavernosa  of  the  penis.  The  mode 
of  sensibility  of  tin*  urethra,  is  besides  changed  in  such  a  manner, 
that  it  is  calculated  to  permit  only  the  emission  of  the  seminal 
fluid. 

When  the  bladder  is  completely  emptied,  it  sinks  behind  tin* 
pubis;  the  tumour  which  it  formed  above  these  bones,  while  in  a 
state  of  distention,  collapses,  the  abdomen  becomes  less  prominent, 
respiration  more  free,  and  there  is  a  general  feeling  of  lightness. 
The  bladder  cannot  be  completely  evacuated,  uidess  the  pelvis  is 
gently  inclined  forward;  its  bus  jond,  which  is  on  a  lower  level 
than  its  neck,  would,  in  any  other  posture,  retain  a  certain  quan- 
tity of  urine. 

XXX.  YT.  Of  the  physical  properties  oj  urine.  As  tins  fluid 
varies  in  quantity  in  a  healthy  man,  according  to  the  quantify  and 
diuretic  qualities  of  the  drink,  the  state  of  sleep  or  waking,  the 
condition  of  the  secretions,  and  especially  of  the  perspiration,  it  is 
very  difficult  to  determine,  accurately,  its  proportion--.  Nothing 
varies  more  than  its  quantity,  as  may  be  ascertained,  by  comparing 
the  different  calculations  on  that  subject,  of  a  great  number  of 
physiologists.  At  times,  the  urine  is  less  in  quantity  than  the  drink 
that  has  been  taken  in,  at  others,  more.  It  may  be  affirmed,  how- 
ever, that  the  quantify  of  urine  voided  in  twenty-four  hours,  is 
equal  to  that  of  the  insensible  perspiration  in  the  same  time,  and 
it  may,  therefore,  be  estimated  at  between  three  and  four  pounds, 
in  a  healthy  adult.  Its  colour  varies,  from  a  light  lemon  yellow , 
to  an  orange,  approaching  to  red.  Its  smell  and  flavour  are  pecu- 
liar, and  distinguish  it  from  every  other  animal  fluid.  Its  colour 
is,  in  general,  darker,  its  smell  and  flavour  stronger  and  more 
pungent,  as  it  is  less  in  quantity,  as  the  circulatory  system  is  more 
active  and  powerful,  and  as  the  substances  of  our  food  are  more  ani- 
mated. AVeall  know  how  fetid  and  how  scanty  is  the  urine  of  car- 
nivorous animals ;  how  offensive  to  the  smell  is  that  of  the  cat !  The 
specific  gravity  of  urine  is  greater  than  that  of  distilled  water,  and 
varies,  according  to  the  quantify  of  saline  and  other  substances, 
which  it  holds  in  solution  ;  it  is,  likewise,  slightly  viscid,  but  not. 
ropy  like  the  serum  of  the  blood,  the  bile,  the  saliva,  and  other 
albuminous  fluids. 

XXXVII.  Of  the  chemical  properties  of  urine.  The  peculiar 
qualities  of  urine  are  always  more  marked  in  a  powerful  and 
adult  male,  than  in  children,  women,  and  weakly  persons.  By 
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"chemical  analysis,  the  urine  is  found  to  contain  eleven  substances^ 
dissolved  ia  a.'  considerable  quantity  of  water,  viz.  urea,  a  gela* 
tinous animal  matter,  muriates  and  phosphates  of  soda  and  am- 
monia, in  separate  or  in  triple  salts,  phosphate  of  lime,  phosphate 
of  magnesia,  phosphoric,  uric,  and  benzoic  acids.  Besides  these 
substances  which  are  constantly  found  in  human  urine,  this  fluid 
may  contain  a  great  number  of  others  ;  and  if  it  be  true  that  the 
urinary  system  is  to  be  considered  as  the  emunctory  of  the  whole 
economy,  one  would  expect  to  find  in  it,  in  certain  proportions 
ami  under  different  circumstances,  the  whole  of  the  constituent 
principles  which  analysis  has  hitherto  discovered  in  our  solids  and 
liquids.  Hence,  doubtless,  the  difference  in  the  results  obtained 
by  the  chemists  who  have  investigated  the  nature  of  the  urine,  by 
allowing  it  to  run  into  decomposition,  or  by  applying  to  it  various 
re-ageuts. 

As  the  urine  is,  of  all  our  fluids,  that  which  has  the  greatest  ten- 
ancy to  putrefaction,  it  should  be  examined  shortly  after  being 
voided;  it  is  then  distinctly  acid,  but  in  a  very  short  time,  and 
especially  if  the  heat  of  the  atmosphere  promotes  and  accelerates 
these  changes,  it  becomes  turbid,  its  component  parts  separate  and 
form  various  precipitates.  Urea  and  gelatine,  which  alone  of  its 
constituent  principles  are  capable  of  fermentation  and  decompo- 
sition, give  out  ammonia,  acetous  and  carbonic  acids,  and  from 
thechemical  attraction  between  these  newly  formed  substances,  and 
from  the  primitive  elements,  there  are  produced  new  compounds 
the  know  ledge  of  which  is  of  the  department  of  chemistry. 

Of  all  the  constituent  parts  of  urine,  the  most  essential  is  a  sub- 
stance of  the  consistence  of  syrup,  deliquescent,  susceptible  of 
crystallization,  to  which  M.  Fourcroy  has  given  the  name  of  urea. 
This  substance  to  which  the  urine  owes  its  characteristic  proper- 
ties, its  peculiar  colour,  smell,  and  flavour,  which  was  imperfectly 
known  to  several  chemists  who  had  sketched  some  of  its  features, 
giving  it  different  names,  according  to  the  notions  they  entertained 
of  its  nature,  was  never  well  understood  till  the  late  investigations 
of  this  celebrated  professor*.  It  is  a  compound  in  which  azote 
prevails,  as  is  shewn  by  the  Immense  quantity  of  carbonate  of 
ammonia,  which  it  gives  out  in  distillation  ;  it  may  be  considered 
as  the  most  annualized  product,  having  such  a  tendency  to  the 
putrid  fermentation,  that,  even  while  in  the  animal  economy,  it  is 

*  Spp  Bit  work  entitled;  SyHi:nz  ties  connoissancti  chimiguis.  ivo,  turn.  X. 
pag--  \Yi. 
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liable  to  that  decomposition,  and  might  overcome  the.  antiseptic 
influence  of  the  vital  power,  if  nature  did  uot  get  rid  of  it  by  iho 
evacuation  of  the  urine. 

Sufficient  attention  has  not  liilherto  been  paid  to  the  symptoms 
of  urinary  fever,  an  affection  occasioned  by  the  protracted  reten- 
tion of  the  urine  within  the  bladder.  I  bare observed,  on  several 
occasions,  that  no  kind  of  fever  is  attended  with  more  marked  signs 
of  what  physicians-  term  putridity.  The  urinous  and  ammoniacal 
smell  exhaled  from  the  body  of  the  patients,  the  yellowish  and 
oily  moisture  of  their  skin,  the  parching  thirst  with  which  thry 
are  tormented,  the  dryness  and  redness  of  their  tongue  and 
-throat,  their  frequent  and  irritable  pulse,  combined  with  a  flaccid 
and  doughy  feel  of  the  cellular  tissue,  every  thing  indicates  that 
the  animal  frame  is  threatened  with  the  most  speedy  and  dange- 
rous decomposition. 

I  observed  similar  appearances  in  a  cat  and  in  a  rabbit,  in  which 
I  tied  the  ureters.  Nothing  is  easier  than  to  find  the  ureters  and 
to  perform  this,  experiment.  After  a  crucial  incision  of  the  pa- 
rietes  of  the  abdomen,  on  the  left  side,  the  intestines  are  pushed 
aside  to  the  left,  so  as  to  apply  a  ligature  on  the  right  ureter,  they 
are  then  pushed  to  the  right,  while  the  left  ureter  is  tied.  Both 
ureters  are  .seen  through  the  peritoneum,  situated  behind  that 
membrane,  in  the  lumbar  region.  When  the  ligatures  have  been 
applied  to  the  ureters  about  their  middle,  the  divided  edges  of  the 
abdomen  are  brought  together  and  united  by  sutures,  and  the 
body  of  the  animal  is  wrapped  round  with  a  cloth  soaked  in  some 
■emollient  decoction.  At  the  end  of  six  and  thirty  hours,  the 
animals  became  exceedingly  thirsty  and  restless,  their  eyes  glisten- 
ing; their  saliva,  which  flowed  copiously,  exhaled  asmell  evidently 
urinous;  on  the  third  day,  the  cat  was  seized  with  vomiting  of  a 
slimy  substance,  remarkable  by  its  having  the  same  smell.  This 
convulsive  agitation  was  followed  by  an  excessive  prostration  of 
strength;  ft  died  on  the  fifth  day  ;  the  intestines  were  not inllamed, 
the  bladder  quite  empty,  the  ureters  distended  with  urine  between 
the  ligatures  and  the  kidneys,  and  as  large  as  the  ring  finger.  The 
kidneys  themselves,  gorged  w  ith  urine,  were  turgid,  softened,  and 
as  if  macerated.  All  the  organs,  all  the  fluids,  the  blood  itself, 
partook  of  this  urinous  diathesis ;  putrefaction  came  on  immedi- 
ately after  death,  and  at  the  end  of  a  few  days,  an  almost  corn- 
pleat  decomposition  of  tlx?  body  had  taken  place.  In  the  rabbit 
the  symptoms  were  less  violent  and  rapid  ;  it  did  uot  die  tilL  ths 


seventh  day ;  (he  smell  of  its  whole  body,  though  evidently  urinous, 
was  less  oil'ensive,  and  the  putrefaction  which  succeeded  was  less 
rapid. 

These  two  experiments  confirm,  in  the  first  instance,  what  some 
authors  have  said  of  the  absence  of  urine  in  the  bladder,  when  the 
ureters  have  been  tied,  an  undeniable  proof  that  these  are  the. 
only  channels  which  convey  the  urine  into  the  bladder,  they  like- 
wise concur  in  affording  the  most  convincing  proof,  that  the  kid- 
neys are  the  emuuetories  by  means  of  which  the  blood  clears  itself 
of  that  part  of  it  which  is  animalized  in  excess :  finally,  they  prove, 
that  the  retention  of  this  Huid  is  the  more  dangerous  to  the  animal 
■economy,  as  the  urine  is  itself  more  animalized. 

Has  nature  the  means  of  supplying  the  evacuation  of  urine  by 
other  excretions?  might  this  highly  rccrementitious  fluid  be,  with, 
out  danger,  evacuated  by  other  emunctories  ?  With  a  view  to 
answer  this  interesting  question,  the  kidneys  have  been  extirpated 
in  dogs.  The  removal  of  one  kidney,  did  not  prevent -the 
secretion  from  being  carried  on;  in  every  case  in  which  both 
kidneys  were  removed  at  once,  the  animal  died  in  a  few  days,  and 
on  opening  the  body,  there  Mas  uniformly  found,  a  considerable 
quantity  of  bile  in  the  gall  bladder,  in  the  small  intestines,  and 
«ven  in  the  stomach,  as  if  the  urea  had  endeavoured  to  make  its 
escape  in  that  direction,  by  combining  with  the  bile.  These  ex- 
periments were  performed  at  the  Hopital  Saint  Louis,  in  the  course 
of  the  year  XT. 

Urea,  combined  with  a  certain  quantity  of  oxygen,  appears  to 
form  an  acid  peculiar  to  human  urine,  andwhicjiis  the  substance  of 
the  greater  numbers  of  urinary  calculi.  It  resembles  urea,  in  this 
that  its  crystals,  exposed  to  heat,  give  out  carbonate  of  ammonia; 
but  it  differs  essentially  from  it,  by  its  ready  concrescibility.  It, 
in  fact,  crystallizes,  every  time  the  urine  grows  cold,  and  forms  the 
greatest  part  of  the  urinary  sediment. — This  acid,  so  weak  that 
several  chemists  have  considered  it  to  be  a  mere  oxide,  has  been 
called  by  M.  Fourcroy  and  Yauquelin,  the  uric  acid.  Among 
its  distinguishing  characters,  may  be  mentioned  its  being  insoluble 
in  cold  water;  it  is  so  fixed,  that  several  thousand  times  its  own 
weight  of  boiling  water  is  required  to  dissolve  it,  hence  it  may  be 
easy  to  account  for  its  so  frequently  giving  rise  to  urinary  calculi ; 
v,  f  may,  indeed,  wonder,  that  this  complaint  is  not  of  more  fre- 
quent occurrence,  since  a  slight  cooling  of  the  urine  is  sulhciertt  to 
caibo  a  precipitation  and  crystallization  of  the  urine.   Thus,  every 
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time  an  extraneous  substance  drops  inlo  the  bladder,  it  Income* 
the  nucleus  of  a  calculus,  formed  by  the  uric  acid  becoming  con- 
crete on  the  surface  of  this  body,  which  is  of  a  colder  temperature. 
Quadrupeds  are  less  frequently  affected  with  urinary  calculi,  from 
the  absence  of  the  uric  acid  in  their  urine,  and  because  carbonate 
of  lime,  of  which,  in  those  animals,  such  concretions  are  formed. is  a 
salt  decomposed  with  effervescence  by  the  weaker  acids,  and  se- 
veral such  acids  are  found  in  the  urine. 

Phosphorus,  which  may  be  considered  as  the  result  of  a  high  degree 
of  animalizaf  ion,  enters,  in  considerable  proportions,  into  human 
urine.  Besides  the  phophoric  salts  which  it  contains,  there isal  ways 
found  a  certain  quantity  of  disengaged  phosphoric  acid,  which  holds 
in  solution  the  calcareous  phosphate,  and  gives  to  the  urine  its  mani- 
fest acidity,  when  examined  fresh,  or  shortly  after  it  has  been  voi- 
ded. It  w  as  from  urine,  that  phosphorus. was  first  obtained,  by  those 
who  originally  discovered  it,  and  from  that  fluid,  it  has  long  been 
procured  for  the  purposes  of  commerce.  Put  it  is  seldom  obtained- 
from  urine, since  the  discovery  of  the  phosphoric  acid  in  the  earth  of 
Ijones,  has  rendered  the  manufacture  of  phosphorus  easier  and 
less  expensive.  In  the  urine  of  fru  givorous  mammiferous  animals, 
phosphoric  salts  have  their  place  supplied  by  calcareous  car- 
bonate. 

*  Certain  substances  impregnate  the  urine  with  a  peculiar  odour. 
It  is  W  ill  known,  that  if  one  remain  a  few  minutes  in  a  room  newly 
painted  with  oil  of  turpentine,  the  urine,  for  some  time  afterw  ards, 
gives  out  a  smell  of  violets  •  asparagus  gives  to  the  urine  a  very  re- 
markable fetor. 

XXXVIII.  Besides  the  accidental  varieties  observed  in  tha 
urine,  varieties  which  cannot  be  determined,  since  the  urine  is 
never  uniformly  the  same  in  its  composition,  and  does  not  contain 
the  same  ingredients  in  the  same  person,  at.  dilferint  times  of  the 
day,  according  to  the  quantify  and  quality  of  the  food  and  drink, 
the  exercise  which  has  been  taken,  the  affections  of  the  mind  w  hich 
have  been  experienced,  &c. ;  it  constantly  varies,  according  to  the 
time  which  has  elapsed  since  a  meal,  the  age  of  the  subject  and  the 
diseases  under  which  he  may  labour. 

Physiologists  have,  for  a  long  while,  admitted  two  and  even 
three  different  kinds  of  urine,  according  to  the  time  at  which  if  is 
voided  ;  they  are  distinguished  hy  the  names  of  urine  of  the  drink, 
urine  of  the  chyle,  and  urine  of  the  blood.  The  first  is  a  limpid  and 
Weai  ly  colourless  fluid,  which  frequently  retains,  in  a  remarkable. 
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'manner,  the  qualities  of  the  drink,  ami  is  voltefl  shortly  after 
drinking,  and  has  scarcely  one  of  the  chancers  of  perfect 
urine.  The  urine  of  the  chyle  or  of  digestion,  voided  two  or  three 
hours  after  a  meal,  is  more  formed,  still  it  is  not  perfect  and  docs 
not  contain  all  the  component  parts  of  this  fluid. 

Lastly,  the  urine  of  the  blood  which  is  vo'ded,  seven  or  eight 
hours  after  a  meal,  and  in  the  morning  after  the  night's  rest,  con- 
tains, in  an  eminent  degree,  all  the  qualities  of  uriae.  hence  it  is  that 
-which  chemists  prefer  using  in  their  anah  sis.  The  i-m  perfect  state 
of  the  two  former  kinds  of  urine,  would  prove  better  than  the  rapi- 
dity of  their  secretion,  the  disputed  existence  of  a  peculiar  com- 
munication from  the  stomach  and  intestines  into  the  bladder. 

The  urine  of  children  aud  that  of  nurses  contains  very  little 
phosphate  of  lime  and  phosphoric  acid;  it  is  only  after  the  pro- 
cess of  ossification  is  completed,  that  these  elements  abound  in 
the  urine.  That  of  old  men,  on  the  other  hand,  contains  a  consi- 
derable quantity  of  these  substances  ;  thefr  osseous  system  already 
containing  phosphate  of  lime  in  excess,  and  incapable  of  receiving 
more,  this  saline  substance  would  ossify  all  the  tissues,  as  it  some- 
times does  that  of  the  arteries,  the  ligaments,  the  cartilages  and 
membranes,  if  the  urine  did  not  carry  off  the  greater  part. 

In  the  rickets,  it  is  by  the  urine  that  the  phosphate  of  lime  is 
carried  out  of  the  system,  and  the  absence  of  that  susbtance  is 
the  cause  of  mollifies  ossium;  on  the  approach  of  fits  of  the  gout, 
the  phosphoric  ingredients  of  the  urine  diminish  and  seem  to 
becanied  to  the  joints,  to  produce  in  their  vicinity  arthritic  con- 
cretions. 

The  great  quantity  of  saline  and  crystallizable  elements  which 
enter  into  human  urine,  accounts  for  the  frequency  of  the  concre- 
tions which  form  in  that  fluid.  Urinary  calculi  were  long  considered 
as  formed  of  a  single  substance,  which  the  ancients  thought  ana- 
logous to  the  earth  of  the  bones,  and  which  Scheele  took  for  uric 
acid.  The  late  investigations  of  M.  M.  Fburcroy  and  Vauquelin 
have  shewn,  that  the  component  parts  of  urine  are  too  numerous 
and  too  complex  to  produce  uniformly  calculi  of  one  kind  :  that 
urinary  concretions,  most  frequently  formed  from  uric  acid, 
contain  urate  of  ammonia,  phosphate  of  lime,  phosphate  of  am- 
monia aud  magnesia,  oxalate  of  lime,  silex,  and  that  these  sub- 
stances, singly,  or  in  binary  and  ternary  combinations,  form  the 
materials  of  nearly  six  hundred  calculi  which  they  analysed.  Not- 
withstanding the  extent  of  these  researches,  there  is  reason  to 
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fcelieve,  that  when  carried  further  by  the  same  chcmislg,  they  will 
l)c  attended  with  results  still  more  varied.  For,  *i  there  is  no 
integral  molecule  in  the  body  which  may  not  be  voided  with  the 
urine,  and  be  foiind  in  the  urine,  so  it  is  conceivable,  that  under 
certain  circumstances  which  it  is  impossible  to  assignor  to  foresee, 
every  thing  iu  the  human  body  that  k  capable  of  concretion, 
might  supply  the  materials  of  urinary  concretions. 

This  variety  of  elements  in  the  composition  of  urinary  calculi, 
the  absence  of  signs,  by  which  to  ascertain  their  nature,  the  sen- 
sibility of  the  parietes  of  the  bladder  which  would  be  irritated  by 
agents  capable  of  dissolving  the  concretions  so  frequently  formed 
in  its  cavity,  must  render  it  very  difficult,  not  to  say  impossible,  to 
discover  a  lithontriptic  which  should  supersede  the  necessity 
-of  a  surgical  operation,  whose  difficulties  and  danger  have  beeu 
much  over-rated. 

XXXIX.    The  energy  of  the  urinary  system  in  the  inhabitants 
of  temperate  climates,  lias  been  considered  as  the  cause  of  the  fre- 
quency of  calculous  affections  in  Holland,  England,  and  France, 
while  they  are  very  rare  in  more  southern  countries,  in  which  the 
cutaneous  perspiration  seems  to  be  substituted,  in  great  measure, 
to  the  urinary  secretion.    There  is  no  part  of  the  world  in  w  hich 
cases  of  stone  iu  the  bladder  are  more  frequent  than  in  England, 
and  especially  in  Holland,  in  which  a  cold  and  damp  atmosphere 
is  unfavourable  to  perspiration,  which  is,  at  any  rate,  but  scanty 
in  persons  of  a  leucophlegmatic  temperament  like  that  of  the 
Dutch.    In  no  other  country,  could  a  lithotomist  (Raw)  have 
operated  on  more  than  fifteen  hundred  patients,  it  is  said,  success- 
fully.   Diabetes,  or  an  immoderate  discharge  of  urine,  a  disease 
which  appears  to  depend  on  an  excessive  relaxation  of  tbe  renal 
tissue,  is  of  frequent  occurrence  only  in  cold  and  damp  countries, 
as  Holland,  England,  and  Scotland;  it  is  more  rare  in  France  and 
Germany,  and  is  unknown  in  warm  climates.    This  relaxation  of 
the  renal  tissue  in  diabetes,  depends  on  the  exhaustion  of  the 
urinary  organs  called  into  too  frequent  action,  as  is  proved  by  the 
efficacy  of  tonics  and  astringents  in  the  treatment  of  that  com- 
plaint. 

Cutaneous  affections,  on  the  contrary,  seem  to  belong  to  the 
inhabitants  of  southern  countries.  Lepra  originated  in  Judea,  the 
elephantiasis  rubra  of  Cayenne,  the  framboesia  of  Java,  the  yaws, 
elephantiasis,  herpetic  and  psoric  eruptions,  are  more  frequent 
among  the  inhabitants  of  southern  latitudes,  than  among  those  who 
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Five  under  the  temperate  zones.  In  countries  near  to  the  equator, 
the  surface  of  the  body,  habitually  exposed  to  an  ardent  atmos- 
phere, is  powerfully  excited  ;  the  skin  is  irritated,  and  its  secre- 
tion increased;  perspiration  becomes  so  profuse,  that  it  weakens, 
in  a  short  time,  those,  who  coming  from  distant  countries,  are  not 
accustomed  to  so  intense  a  heat.  The  activity  of  the  cutaneous 
system  exceeds  that  of  the  urinary  system,  whose  action  decreases- 
in  proportion.  These  differences  in  the  energy  of  the  two  sys- 
tems, account  readily  for  the  difference  of  their  diseases  :  for,  it  is 
a  law  of  Nature,  that  the  more  an  organ,  or  system  of  organs,  is 
called  into  action,  the  more  it  is  liable  to  disease,  which  is  but  a 
derangement  of  its  action. 

Calculous  affections  are  more  frequent  in  children  and  old 
people,  than  in  adults.  In  old  age,  the  proportionate  quantity  of 
the  urine  exceeds  that  of  the  perspiration.  Phosphoric  salts,  the 
base  of  a  great  number  of  urinary  calculi,  are  more  abundant  in 
old  men,  as  is  proved  in  them  by  the  ossification  of  the  arteries,  of 
the  ligaments,  of  the  cartilages,  of  the  membranes,  the  solidification 
and  the  almost  universal  induration  of  the  different  parts.  In 
children,  the  activity  of  the  urinary  system  is  proportionate  to  that 
of  the  digestive  organs.  Destined  to  throw  out  the  residue  of  nu- 
trition, which,  at  that  period,  is  very  active,  the  organs  by  which, 
the  urine  is  secreted  are  likewise  endowed  with  considerable 
energy.  Lastly,  it  is  observtd^  that  the  greatest  number  of  calcu- 
lous patients  received  into  the  hospitals  of  large  towns,  come  from 
low  and  damp  streets  near  to  rivers;  every  thing,  therefore,  tenda 
evidently  to  establish,  that  the  frequency  of  urinary  calculi,  de- 
pends on  an  increase  of  activity,  in  the  organs  destiued  to  the  se« 
crttion  and  excretion  of  urine. 

 «««&.WfiWw»»  

CHAPTER  II. 


OF  ABSORPTION. 

XI..  In  the  history  of  the  phenomena  of  life,  a  statement  of 
the  functions  of  the  absorbent  system,  ought  immediately  to  follow 
that  of  the  functions  of  the  digestive  organs.  The  vessels,  which 
take  up  the  tbylfl  separated  from  the  food,  by  the  actiou  of  the  or- 
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jfrtitis  of  digestion,  form  a  considerable  part  of  the  absorbent  system, 
bear  a  perfect  resemblance  to  the  other  lymphatics,  and  differ  from 
them  only  In  their  origin.  When  digestion  is  not  going  on,  those 
vessels  convey  lymph  absorbed  in  the  intestinal  canal,  the  inner 
part  of  which,  even  when  in  a  state  of  emptiness,  is  always  be- 
dewed by  an  abundant  quantity  of  serous  mucus. 

There  exist  in  all  the  parts  of  the  human  body,  irt  the  interior, 
as  well  as  on  the  surface  of  our  organs,  vessels  whose  office  it  is  to 
absorb,  and  to  carry  into  the  mass  of  the  blood,  those  substances 
J)y  which  our  machine  is  maintained  and  kept  in  repair,  as  well  as 
what,  comes  off  in  the  continual  destruction  of  our  parts;  for,itmust 
not  be  forgotten,  that  the  organized  and  living  machine,  inwardly 
acted  upon  by  a  double  impulse,  is  perpetually  undergoing  decay 
and  renovation. 

XLI.  Absorption  is  effected  on  substances  introduced  from 
■without;  sucli  is  the  absorption  from  the  skin,  and  the  absorption 
of  the  chyle,  &c.  At  other  times,  absorption  takes  place  in  fluids 
effused  by  arterial  transudation ;  such  is  the  serosify  which  mois- 
tens the  serous  membranes,  the  fat,  the  marrow  of  the  bones,  and 
this  absorption,  almost  always,  bears  a  proportion  to  transudation, 
so  that  the  serosity,  absorbed  as  fast  as  it  is  effused  on  the  surface 
of  the  membranes  which  lie  in  close  contact,  except  in  cases  of 
dropsy,  never  accumulates  so  as  to  separate  those  membranes. 
Finally,  there  is  a  kind  of  absorption,  which  may  be  termed  nu- 
tritive or  molecular,  because  it  exerts  its  influence  on  molecules, 
which,  in  the  process  of  nutrition,  arc  separated  from  the  organs 
and  replaced  by  others.  It  is  this  absorption  which  brings  about 
the  decomposition  of  organs,  and  to  which  John  Hunter  gave  the 
name  of  interstitial  absorption.  By  means  of  it,  the  thymus,  so 
voluminous  in  the  foetus,  disappears  entirely  in  i'ne  adult.  This 
absorption  seems  to  be  incessantl  y  going  on,  and  to  carry  on  de- 
composition, with  a  force  that  cannot  be  resisted.  It  explains,  in  a 
satisfactory  manner,  the  spontaneous  erosions  of  the  living  solids, 
of  which  ulceration*  is  the  consequence. —  M.  Dumas  has  endea- 
voured to  explain,  in  this  way,  the  sensation  of  hunger,  which,  in 
the  opinion  of  that  physician,  is  felt  when  the  absorbents  exert  on 
the  solid  coats  of  the  stomach,  their  acti\ity  previously  employed 
in  taking  up  liquids.    But  to  give  even  a  degree  of  probability  to 
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that  supposition  which  ft  entirety  gratuitous,  it  would  bo  necessarv 
to  shew,  that  the  parietes  of  the  stomach  had  been  found,  destroyed 
or  thinned,  in  persons  who  have  died  of  hunger.    The  parietes  of 
the  stomach  of  such  persons,  have,  on  the  contrary,  been  found  thic- 
kened and  in  a  state  of  contraction..  This  inward  absorption  is 
promoted  bv  inllammation,  hence  theadvantage  of  applying  beat  to 
indolent  tumours,  and  of  exciting  a  slight  inllammation  iu  swollen 
glands,  in  order  to  bring  about  resolution.    It  is  on  that  account, 
that  hi  swelling  and  induration  of  the  testicle,  unattended  by 
cancer  of  the  part,  the  operation  for  hydrocele  by  injection,  may- 
be safely  employed. — Of  this  I  had  a  convincing  proof,  a  few- 
years  ago  :  a  gardener,  born  deaf  and  dumb,  had  had  for  some 
years  an   hydrocele,  which   he   was   in  the  habit  of  getting 
tapped,  every  six  months-.    When  I  last  tapped  it,  I  found  the 
testicle  swollen  and  hard,  and  three  times  larger  than  in  its  natu- 
ral state,  the  patient,  however,  was  free  from  pain.    A  consider- 
able cpiaulity  of  a  reddish  serous  fluid  was  discharged  ;  at  the  end 
of  two  days,  inflammation  of  the  tunica  vaginalis  came  on,  the 
scrotum  became'  enlarged  and  was  covered  with  emollient  poul- 
tices.   At  the  end  of  twenty  days,  the  testicle  was  a  good  deal 
k-ssened  in  size  and  adhered  to  the  inside  of  the  tunica  vaginalis : 
the  cure  was  considered  radical  and  proved  such  ;  for,  though  it 
is  now  ten  years  since  the  operation  was  performed,  the  water  has 
not  collected  and  the  patient  continues  in  the  laborious  employ- 
Tc.cp.ts  of  his  business.    I  frequently  meet  him,  and  he  never  fails, 
by  inarticulate  sounds  and  signs  of  satisfaction,  to  express  to  me 
1hs  gratitude. 

The  process  of  absorption,  is  very  active  in  children,  in  women, 
duiing  sleep,  in  the  morning,  when  the  body  is  refreshed  by  the 
night's  rest.  Is  a  state  of  weakness  favourable  or  unfavourable  to 
that  process?  It  is  well  known,  that  there  are  robust  men  who 
have  intercourse  with  women  infected  with  the  venereal  virus,  and 
v.  ho  escape  the  contagion,  unless  they  expose  themselves  to  it, 
w  heu  debilitated  by  excesses.  A  mind  free  of  fear  and  anxiety, 
la=  eter  been  considered  in  the  Eastern  countries,  n  safe  guard 
Sgaiott  the  plague.  A  dog,  ceteris  paribus,  is"  in  much  less  dan- 
g  r  from  the  bi.ie  of  a  wpei,  when  suddenly  bitten,  than  when  he 
h<is  ber-n  some  time  gazing  at  the  reptile,  and,  more  or  less, 
terrified  by  the  sight.  But  in. all  these  cases,  does  debilify 
favour  the  introduction  of  the  contagious  matter,  by  increasing  the 
force  of  absorption  :  or  is  it.  not  more  probuble,  ihat  by  affecting- 
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the  non-ons  system,  it  renders  itmore  susceptible  of  deleterious  im- 
pressions ? 

XI-IT.  Absorption  is  much  less  active,  on  tlie  external  surface 
of  the  body,  than  on  the-  surface  of  its  internal  cavities,  and  in  the 
very  substance  of  our  organs.  Cutaneous  absorption,  under  certain 
circumstances,  has  even  so  littc  activity,  an  to  have  led  some  phy- 
siologists to  doubt  its  existence.  The  absorbing  orifices  of  vessels 
which  arise  on  the  surface  of  the  body,  arc  covered  by  the  epider- 
mis. This  covering,  which  is  insensible,  and,  as  it  were,  inorganic, 
forms  a  sort  of  separation,  between  the  external  and  internal  part 
of  our  being,  and  opposes,  or  reixlers  more  difficult,  the  absorp- 
tion of  substances  in  immediate  contact  with  our  body,  and  if  it 
be  considered,  that  We  are  frequently  immersed  in  the  midst  of 
gases  and  other  substances,  to  a  certain  degree,  deleterious,  it  will 
be  understood,  how  essential  it  was,  that  the  absorbing  surface  of 
the  skin,  should  not  be  entirely  exposed,  and  that  cutaneous  ab- 
sorption should  not  be  easily  carried  on. 

The  increased  weight  of  the  body,  after  exercise  in  wet  weather; 
the  abundant  secretion  of  urine,  after  remaining  long  in  the  bath  ; 
the  manifest  enlargement  of  the  glands  of  Use  groin,  after  keeping 
the  feet  immersed,  for  a  considerable  time,  in  water,  an  experi- 
ment often  performed  by  Mascagni  on  himself ;  the  effects  of  mer- 
curial frictions-,  &c.  shew,  however,  in  an  unquestionable  manner, 
thai  absorption  takes  place  through  the  skin,  with  more  or  less  ra- 
pidity, according  to  circumstances.  It  must  be  taken  into  ac- 
count, that  the  means  which  promote  cutaneous  absorption,  ope- 
rate, at  least  as  much,  by  altering  the  structure  of  the  epider- 
mis, as  by  increasing  the  action  of  the  absorbing  orifices.  In  this 
manner,  the  bath  appears  to  operate,  by  softening  the  texture 
of  the  epidermis  j  and  frictions,  by  displacing  aud  raising  its 
scales- 
It  is  by  means  of  f  ifctrons,  that  we  succeed  in  introducing  into 
the  lymphatic  system,  medicines  possessing  purgative,  febrifuge, 
sedative,  or  diaretic  qualities,  combined  with  the  gastric  juice,  or 
diluted  in  any  other  liq  aids,  for,  as  has  been  shewn  by  the  experi- 
ments performed  at  the  Salpelriere,  by  M.  M.  Dumcril  and  Alibert, 
in  the  name  of  the  Philo  malic  Society,  the  mixture  with  saliva  or, 
gastric  juice,  of  the  medicines  which  are  to-  be  administered 
by  friction,  is  not  necessary  to  insure  their  absorption.  Ex- 
tract of  opium  has  soothed  pain,  bark  has  checked  tits  of  in- 
termittent fever, rhubarb  has  procured  alvine  evacuations;  squill* 
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have  stimulated  powerfully  t he  action  of  the  urinary  organs,  nor 
has  the  previous  mixture,  with  gastric  juice,  of  these  bubstauei  s 
reduced  into  powder,  seemed  to  increase  or  diminish  their  ef- 
ficacy. 

Absorption  takes  place  quickly  and  readily,  wherever  the  epi- 
dermis is  thin,  habitually  moist,  and  the  skin  delicate,  so  as  to 
leave  almost  bare  of  covering,  the  subjacent  parts,  as  on  the  lips, 
in  the  inside  of  the  mouth,  on  the  surface  of  the  glans,  &c.  The 
complete  removal  of  the  epidermis,  favours  absorption  from  all 
purls  of  the  shin  which  it  covered. — Hence  the  least  scratch  on  the 
fiugers  of  an  accoucheur  touching  women  infected  with  the  ve- 
nereal lirus,  exposes  him  to  this  peculiar  infection,  which,  in  such 
cases,  is  the  more  to  be  dreaded,  from  the  admission  of  the  virus 
bv  an  unusual  course.  The  inoculation  of  variolous  and  vaccine 
matter,  equally  furnishes  proofs  of  the  obstacle  which  the  epider- 
mis presents  to  cutaneous  absorption,  and  of  the  facility  with 
which  that  function  takes  place,  from  surfaces  denuded  of  that  co- 
vering. Absorption  goes  on,  likewise,  with  great  activity,  from  the 
surfaces  of  internal  parts,  but  it  no  where  is  so  considerable,  as  in 
the  intestinal  canal,  and  it  would  perhaps  be  the  rciostfavourable^part 
for  introducing  medicinal  substances  into  the  animal  economy,  if 
when  swallowed,  they  did  not  undergo  changes,  by  mixing  with  the 
gastric  juices,  or  with  the  intestinal  fluids  and  fcecal  substances, 
w  hen  injected  by  the  rectum.  From  the  evacuation  hy  urine  of 
clysters  of  warm  Avater,  soon  after  they  have  been  administered,  it 
is  to  be  presumed,  that  the  great  intestines  absorb,  almost  as  power-, 
fully  as  the  rest  of  the  digestive  canal.  A  pint  of  warm  water  in- 
jected into  the  abdomen  of  a  large  dog  or  sheep,  is  often  absorbed 
in  less  than  an  hour,  and  the  effusions  which  lake  place  in  those 
cavities,  would  possibly  not  require  an  operation  to  let  them  out, 
if  such  lluids  were  not  subject  to  coagulation,  and  if  the  absorbing 
surfaces  were  not  diseased. 

Besides  absorption  from  surfaces,  there  exists,  as  we  have 
already  stated,  another  which  takes  place  in  the  living  solid,  and 
in  the  iuternal  substance  of  the  organs.  It  is  by  this  kind  of  ab- 
sorption, fhatthe  nutritive  decomposition  is  effected;  by  means  of 
it,  the  living  matter  is  incessantly  renovated.  .  Its  vitiated  action 
accounts  for  the  spontaneous  formation  of  ulcers,  the  disappea- 
ring of  the  thymus,  the  atrophy  of  parts  in  which  nutrition  is  ear- 
ned on,  in  a  sluggish  manner  ;  the  resolution  of  certain  tumours, 
aud  many  other  phenomena,  arc  depetideut  on  the  same  cause. 
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1  do  not  think,  however,  that  it  is  possible  to  admit  the  cxpia- 
planation  of  the  sensation  of  hunger,  adopted  by  J'rofcssor  Uuma-, 
ivho  believes  tliat  it  depends  on  the  action  of  the  absorbing  orifices 
directed  against  the  organized  substance  of  the  stomach,  in  th«; 
absence  of  aliment  on  w  hich  to  act.  The  sensation  of  hunger  is 
felt  only  in  the  stomach,  although  its  effects  extend  to  all  parts  ef 
the  body;  it  begins  in  a  circumsci  ibed  spot,  its  scat  is  limited,  y.l 
absorption  takes  place  every  where,  so  that  if  the  hj  -polite. i  m 
question  had  any  foundation,  the  sensation  of  hunger  ought  to  be 
felt  at  the  heel,  as  well  as  at  the  pit  of  the  stomac  h. 

The  radicles  from  which  the  lymphatics  aiise,  have  orifices  so 
■very  minute,  that  they  arc  imperceptible  to  t li r-  naked  eye  ;  a  to- 
lerably accurate  notion  maybe  formed  of  them, b'y  comparing  ihein 
to  the  puncta  lachrymalia,  which  are  larger  and  more  ea-ily  dis- 
covered. Each  orifice  endowed  with  sensibility,  and  with  a  pe- 
culiar power  of  contraction,  dilates  or  contracts,  absorbs  or  re- 
jects, according  as  it  is  affected  by  the  substances  which  are  ap- 
plied to  it.  The  variations  of  the  aborbing  power,  according  to 
the  age,  the  sex,  the  constitution,  and  different  peiiods  of  the  day, 
thew  thr.t  it  cannot  be  compared,  as  several  physiologists  have* 
<lone,  to  that  principle  which  makes  fluids  ascend,  contrary  to  the 
laws  of  gravitation,  in  capillary  tubes.  If  absorption  were  a  pro- 
cess merely  mechanical,  it  would,  in  no  case,  be  accelerated  or  re- 
tarded, and  would  proceed  with  a  regularity  never  observed  in 
the  vital  functions.  The  mouth  of  -every  lymphatic,  when  about 
to  absorb,  erects  itself,  draws  towards  itself,  and  laises  the  sur- 
rounding membranous  parts,  and  thus  forms  a  small  tubercle  simi- 
lar to  the  pnncta.  lachrymalia..  These  little  bulging*  deceived 
Lieberkuhn,  and  led  him  to  think,  that  the  absorbents  of  the  intes- 
tines originated  from  small  ampellula?,  ov  vesicular  enlargements, 

"  »  It  docs  not  fall  to  the  lot  of  rvery  one,  to  err  like  M.  Duma',  whose  talents 
and  ingenuity  I  have  much  pleasure  in  acknowledging.  He  imagines  rickets  to 
consist,  in  a  defici-nt  influence  of  die  iveTvous  system  on  the  bones:  which 
-would  constitute  a  kind  of  paralysis.  Anatomy  thews  the  presence  of  no  nenes 
in  the  tissvie  of  the  bones,  and  veins  and  arteries  are  alone  seen  to  enter  the  fora- 
mina, and  no  nerves  appear  to  be  transmitted  through  them.  The  functions  of 
the  bones  made  it  unnecessary,  that  they  should  be  endow  ed  w  ith  that  peculiar 
sensibility  which  requires  the  c.vMrme  of  nrnes.  The  bones  are  active  by 
beinp  subject  to  the  process  of  nutrition,  but  in  every  other  respect,  they  arc 
absolutely  passive.  In  the  opinion  of  some  people,  such  doctrines  are  real  dis- 
coveries.   Crcdal  jnilaus  Jpdla,  ncn  ego* 
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which,  as  so  many  exhausted  receivers,  pumped  up  the  fluid  ex- 
tracted from  the  food.  Thisph)  siologist  may,  further,  have  been 
led  into  error,  by  the  nervous  papillae  of  the  inner  membrane  of 
the  canal,  swollen  by  the  determination  of  blood  attending  irrita- 
tion, the  natural  consequence  of  tin;  friction  of  the  alimentary  sub- 
stances. The  inhaling  faculty  belongs,  not  only  to  the  orifices  at 
the  extiemity  of  each  radicle,  but,  likewise,  to  the  lateral  pores, 
which  are  infinitely  numerous,  In  the  parietes  of  the  vessels. 

XLUI.  After  arising  on  the  surface,  and  in  the  interior  of  the 
body,  by  radicles  in  close  contact,  the  lymphatics  creep  and  coil 
themsi  Ives,  describe  numerous  curves,  unite,  then  divide,  and  pre- 
sently unite  again,  and  from  thesenumerousinosculations,  there  re- 
sults a  ntt-work,  with  close  meshes,  forming,  with  that  of  the  blood 
vessels,  the  texture  of  the  cellular  tissue  and  of  the  membranes. 

Each  lamina  of  cellular  tissue  is,  in  the  opinion  of  Mascagni,  no- 
thing but  a  mesh-wqtk  of  lymphatics — the  texture  of  the  mem- 
branous and  transparent  tissues,  as  the  pleura  and  the  peritoneum, 
resembles  that  of  the  lamina?  of  the  cellular  tissue:  inline,  the 
same  vessels  form  the  basis  of  the  mucous  membranes  which  line 
the  internal  parts  of  the  alimentary  canal,  of  the  trachea  and  ure- 
thra. The  Italian  anatomist  succeeded, in  fdlingvwith  quicksilver, 
all  the  tissues  which  he  considered  as  lymphatic  ;  but  Ruysch,  in 
his  admirable  injections,  reduced  all  the  membranes,  and  the  la- 
mina; of  the  adipose  tissue,  into  a  net-work  purely  arterial,  of 
which  the  meshes  were  so  very  closely  united,  as  to  leave  spaces 
that  could  scarcely  be  perceived  by  the  microscope,  and  from  his 
preparations  he  inferred,  that  arterial  capillary  vesfels,  singu- 
larly divided  and  convoluted,  form  the  basis  of  cellular  and  mem- 
branous tissues.  To  satisfy  oneself,  that  neither  the  pleura  nor 
the  peritoneum  are  formed  as  Mascagni  or  Ruysch  imagined,  one 
need  only  consider,  that  arterial  exhalation  and  lymphatic  ab- 
sorption take  place,  from  the  whole  extent  of  the  internal  surfacesr 
and  that  these  two  functions  prove  the  existence  of  both  arteries 
and  absorbents,  iu  those  membranes  and  in  the  cellular  tissue.  The 
prejudices  of  those  two  ^anatomists,  so  celebrated,  the  one  by  his 
study  of  the  absorbents,  and  the  other  by  his  beautiful  injections 
of  the  most  minute  arteries,  are  to  be  attributed  to  the  importance 
which  we  are  pleased  to  assign  to  the  objects  which  particularly 
engage  our  attention, and  likewise  to  (he  distention  of  the  minute 
v^w  is  by  the  injection;  these  being  distended  beyond  their  na- 
tural state,  compress  and  conceal  the  neighbouring  parts. 
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The  lymphatics,  after  emerging  from  among  the  cellular  sub- 
stance, unite  into  trunks  sufficiently  large  to  be  distinguished  from 
the  lamina;  of  that  tissue.  These  trunks  proceed  towards  certain 
parts  of  the  body,  there  they  become  unifed  to  other  trunks,  follow 
a  parallel  course,  and  frequently  communicate  together.  The 
lymphatics  are  not  single  in  their  course,  as  the  arteries  and  veins; 
they  collect  together,  form  fasciculi  of  different  sizes,  some  of 
which  are  deep  seated  and  accompany  the  blood  vessels,  while 
others  of  them,  arc  more  superficial,  corresponding  to  the  subcuta- 
neous veins  of  the  limbs,  and,  like  them,  lying  between  the  skin 
and  the  aponeuroses, and  in  greatest  number,  on  the  inner  side  of  the 
limbs,  in  which  they  are  best  protected  against  external  injuries- 
The  lymphatics  of  the  parietes  of  the  great  cavities,  those  of  the 
viscera  which  these  cavities  contain,  are  likewise  in  two  layers, 
the  one  superficial,  the  other  deep  seated. 

The  absorbents  differ,  likewise,  from  the  blood  vessels,  in  their 
singularly  tortuous  course,  their  frequent  communications,  and 
especially  in  their  unequal  size  in  different  parts  of  their  extent. 
An  absorbent,  of  very  small  dimensions,  frequently  enlarges,  so 
as  to  equal  in  size  the  thoracic  duct,  then  contracts  and  again 
bulges  out,  though  in  the  length  of  the  vessel  in  which  these  diffe- 
rences of  size  may  have  been  noticed,  it  may  have  received  no  col- 
lateral branches.  The  lymphatics,  when  completely  filled  with 
quicksilver,  appear  to  cover  the  whole  surface  of  our  organs  :  and 
the  whole  body  seems  enveloped  in  a  net-work  of  close  and  small 
meshes.  The  metastasis  of  humours,  from  one  part  of  the  body  to 
another  at  a  distance,  is  easily  understood  by  any  one  who  has  seen 
those  numerous  inosculations,  rendered  manifest  by  injection.  Me- 
tastasis ceases  to  be  an  inexplicable  phenomenon;  one  has  no  difficul- 
ty in  conceiving,  how  by  means  of  the  lymphatics,  all  the  parts  of 
the  body  communicate  freely;  how,  fluids  absorbed  by  those  vessels 
in  one  part,  may  be  conveyed  into  another,  and  pervade  the  whole 
body,  without  following  the  circuitous  route  of  the  circulation,  and 
that  it  is,  therefore,  not  altogether  impossible,  however  improba- 
ble, that  fluids  taken  into  the  stomach,  may  be  conveyed  directly 
from  the  stomach  to  the  bladder,  and,  that  in  the  same  manner, 
the  milk  of  the  intestinal  canal  may  find  its  way  into  the  breasts:  and 
that  pus  may  be  removed  from  the  place  in  which  it  is  collected, 
and  be  conveyed  to  the  place  to  which  irrritation  calls  it  forth. 
All  that  Borden  has  said  of  the  oscillations  and  currents  of  humours, 
through  the  cellular  texture,  in  his  «  Rcchaxhes  sur  k  Tissu  mu- 


queux,"  may  be  equally  explained  by  the  anastomosis  of  the  lym- 
phatics. 

A  young  man  whom. I  had  ordered  to  rub  in  mercury,  along  the 
inner  part  of  his  left  leg  and  thigh,  for  the  cure  of  a  pretty  large 
bubo,  was  ahveted,  on  the  third  day,  with  saltation,  though  he 
used  onlv  half  a  dram  of  ointment,  at  each  friction.  The  salivary 
glands  of  the  left  side,  were  alone  swollen,  the  left  side  of  the 
tongue  was  covered  with  aphtha.*,  and  the  right  side  of  the  body  re- 
mained unaffected  by  the  mercurial  action  :  a  clear  proof,  that  the 
mercury  had  been  carried  to  the  mouth,  along  the  left  side  of  the 
body,  without  entering  into  the  course  of  the  circulation,  and  per- 
haps, without  passing  through  any  of  the  conglobate  glands  ;  for, 
that  of  the  left  groin,  which  alone  was  swollen,  did  not  sensibly 
diminish  in  size.  Salivation  may,  therefore,  take  place,  in  the  cure 
of  the  venereal  disease,  though  none  of  the  mercury  enter  the  cir- 
culation, which  warrauts  the  opinion,  that  the  action  of  syphilis, 
as  well  as  of  the  remedies  which  are  administered  for  its  removal, 
operates  chiefly  on  the  lymphatic  system. 

XLIV.  If  the  fluids  absorbed  by  these  vessels,  can,  in  Gonse- 
qnence  of  their  numerous  inosculations,  pervade  all  parts  of  the 
body,  without  mixing  with  the  blood,  not  a  drop  can  enter  the 
course  of  the  circulation,  without  having  previously  passed  through 
the  glandular  bodies  that  lie  in  the  course  of  the  lymphatics;  dis- 
persed like  those  vessels  in  all  parts  of  the  body,  seldom  insulated* 
but  in  clusters  in  the  hollows  of  the  ham,  the  arm-pit,  in  the 
bends  of  the  groin  and  elbow,  along  the  iliac  vessels,  the  aorta  and 
the  blood  vessels  of  the  neck,  around  the  base  of  the  jaw  and  of 
toe  occiput,  behind  the  sternum,  along  the  internal  mammary 
vessels,  lastly,  within  the  mesentery,  in  which  their  number  and 
size  bear  a  proportion  to  the  quantity  of  absorbents  which  pass 
through  them.  These  reddish  glands*,  varyingin  size,  of  an  oval  or 
globular  form,  have  two  extremities,  the  one  at  which  the  lym- 
phatics enter,  they  are  then  called  u  afferentia"  and  the  other 

*  ft  is  with  a  view  of  conforming  to  the  language  in  common  use,  that  I  give 
tbe  name  of  gland  to  lho=e  coils  of  lymphatic  vessels,  which  are  totally  diffe- 
rent from  the  real  conglomerate  or  secretory  glands.  It  might  be  better,  per- 
haps, to  call  them  ganglion* ,  as  has  been  done  by  my  learned  and  respected 
colleague  Chan-.jier,  though  that  name  is  objectionable,  from  its  association  in 
the  mind  with  the  nervotn  ganglions,  whose  stricture  i.-  not  at  all  similar  to  that 
of  tbe  lymphatic  ganglrani. 


Wtremity  turned  towards  the  thoracic  duct,  which  sends  out  vessel.^ 
fewer  in  number,  but  of  a  larger  size,  and  called  "  cfl'crenlia'" 
from  their  use. 

The  lymphatics,  on  reaching  the  glands,  divide,  unite  aeain  and 
insoculate,  they  likewise  bend  back  on  themselves,  and  thus  form 
the  tissue  of  the  conglobate  glands,  which  are  merely  clusters  of 
coiled  vessels,  united  by  cellular  tissue,  in  which  blood  vessels  are 
distributed,  so  as  to  occasion  iheir  reddish  colour.  The  coats  of 
the  lymphatics  are  thinner  in  the  glands  than  elsewhere  ;  and 
their  dilatations,  their  divisions,  and  their  anastomoses  are  like- 
wise more  frequent,  while  they  are  in  the  glandular  tissue.  All 
the  lymphatic  vessels,  whose  course  lies  irt  the  direction  of  a  gland, 
do  not  enter  its  substance,  several  pass  by  the  gland  and  embrace 
it,  forming  around  it  a  sort  of  plexus,  of  which  the  ramifications 
are  directed  towards  other  glands,  more  in  the  vicinity  of  the 
thoracic  duct.  The  lymphatic  glands  fornrso  essential  a  part  of 
the  absorbent  system,  they  produce  oh  the  lymph  such  indispen- 
sable charges,  that  no  lymphatic  vessel  enters  the  thoracic  duct, 
without  having  previously  passed  through  these  glands.  It  even 
frequently  happens,  that  the  same  vessel  passes  through  several 
glands,  before  opening  into  that  common  centre  of  the  lymphatic 
system.  Thus,  the  vessels  which  absorb  the  chyle  of  the  intestinal 
tube,  pass  several  times  through  the  glands  of  the  mesentery. — The 
lymphatics  of  the  liver,  situated  very  near  to  the  receptaculum  of 
Pecquet,  hare  been  thought,  by  some  anatomists,  notto  follow  that 
general  rule  ;  but  there  are  uniformly  found,  in  the  course  of  these 
vessels,  glands  which  they  enter.  As,  however,  the  glands  are 
few  in  number,  the  lymph  conveyed  from  the  liver,  is  only  once 
subjected  to  the  action  of  the  glands  ;  and  this  circumstance  ap- 
pears to  me  to  explain,  in  a  satisfactory  manner,  the  transmission 
of  the  colouring  matter  of  (he  bile,  which,  in  jaundice,  manifestly 
discolouis  the  blood,  in  which  M.  Deyeux  found  it  by  chemical 
analysis. 

XI/V.  The  parictes  of  the  lymphatic  vessels  are  formed  of  two 
coats,  both  very  thin  and  transparent,  yet  very  strong,  since  they 
support  the  we  ight  of  a  column  of  mercury,  which  would  rupture 
the  coats  of  arteries  of  the  same  caliber.  The  internal  coat,  which 
is  the  thinner  of  the  two,  forms  valvular  folds,  arranged  in  pairs, 
Jike  the  valves  of  the  veins,  and  like  them  preventing  a  retro- 
grade  circulation. — Although  these  coats  are  very  strong,  and 
likewise  very  elastic  and  contractile,  as  they  may  be  seen  to  con- 
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tract,  and  to  expeJ  the  lymph  with  great  impetus,  when  the  abdo- 
men of  a  living  animal*  is  laid  open, yet  the  course  of  the  lymph  is 
far  from  being  as  rapid  as  that  of  the  blood;  it  even  frequently 
appears  affected  with  irregular  oscillations,  such  as  are  to  be  met 
with  in  the  circulation  of  the  blood  through  the  capillary  arteries. 
The  numerous  dilatations, curvatures  and  anastomoses  of  the  absor- 
bewts  must,  in  a  considerable  degree,  impede  the  rapid  progress  of 
the  lymph,  but  the  circulation  must  be  retarded,  chiefly  in  the 
glands,as  there  the  vessels  are  most  convoluted,  dilated,  and  form  the 
greatest  number  of  anastomoses,  and  are  most  subdivided.  Be- 
sides,  the  parietes  of  the  absorbents  are  thinnest  in  their  passage 
through  the  glands,  for,  these  may  be  ruptured  by  the  weight  of  a 
column  of  mercury  which  the  vessels  themselves  are  able  to  sup- 
port. And  the  action  of  these  vessels,  naturally  weaker  in  that 
situation,  is  still  farther  diminished,  by  the  close  cellular  adhesion, 
which  unites  together  the  vessels  whose  union  forms  the  glandular 
bodies.  ■* 

It  was  necessary  that  the  course  of  the  lymph  should  be  slack- 
ened in  its  passage  through  the  glauds,  in  order  that  it  might  un- 
dergo all  the  changes  which  those  organs  are  to  produce  upon  it. 
Although  we  do  not  kuow  precisely,  what  those  changes  are,  their 
object  appears  to  consist  in  a  more  perfect  union  and  combination 
ofits  elements,  and  in  bestowing  onita  certain  degree  of  animaliaa- 
tiou,  as  is  seen,  by  the  greater  tendency  to  coagulation  of  the  fluid 
taken  from  the  vasa  efterentia.  Another  object  of  the  passage  of  the 
lymph  through  the  glands,  appears  to  be  to  deprive  it  of  its  hetero- 
geneous particles,  or  at  least  to  alter  their  nature,  so  that  they  may 
not  become  injurious,  when  they  get  into  the  mass  of  the  fluids. 
The  yellow  colour  of  the  glands  through  which  the  absorbents  of 
the  liver  pass,  the  dark  colour  of  the  bronchial  glands,  the  red 
colour  of  the  mesenteric  glands,  in  animals  w  hich  have  been  fed 
on  madder  or  beet-root,  the  whiteness  of  the  same  glands,  while 


*  In  some  cities,  the  activity  of  the  absorbents  appears  increased,  in  a  singu- 
lar degree.  Thu3,  jaundice  has  been  known  to  be  the  immediate  consequence 
of  a  wound  of  the  liver  ;  and  on  other  occasion*,  a  metastasis  uf  humours  has 
taken  place,  with  the  utmost  rapidity.  1  suspect,  that,  in  sue!)  cases,  the  sub- 
ilance  that  has  been  absorbed,  circulates  by  means  of  (he  anniioninses,and  per- 
vade? the  lymphatics  with  which  the  whole  body  is  covered,  but  without  pas- 
iing  through  the  glands,  which  wunld  slacken  i!i  course,  aad,  to  a  certain  de- 
gree, alter  Ht  uature. 

X 
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the  chyle  is  passing  through  them,  are  circumstances  which  shew, 
that,  the  glands  separate,  or  tend  to  separate,  the  colouring  matter 
of  the  lymph,  and  that  if  they  do  not  effectually  prevent  its  trans- 
mission into  the  blood,  it  is  because  certain  colours,  as  indigo  and 
madder,  have  loo  much  tenacity,  while  other  substances,  as  the 
bile,  do  not  pass  through  a  suihcient  number  of  glands,  to  lose  their 
colour  entirely.  The  blood  vessels,  which  are  very  numerous  in 
the  tissue  of  the  conglobate  glands,  pour  into  the  lymphatics  a 
serous  Quid  which  dilutes  the  lymph,  increases  its  quantity,  and  at 
the  same  time  time,  annualizes  it.  The  number  of  the  lymphatic 
glands  is  very  great;  many  are  so  small  as  to  escape  the  eye, 
but  become  enlarged  and  visible,  in  certain  cases  of  disease. — 
I  have  daily  opportunities  of  observing  in  scrophulous  patients, 
swollen  glands,  in  situations  in  which  anatomists  have  not  pointed 
out  any.  The  absorbent  glands  are,  at  no  time,  so  large  or  nume- 
rous as  in  infancy.  They  very  frequently  disappear  in  old  people, 
and  it  is  difficult  to  say,  whether  they  have  been  totally  destroyed, 
or  whether  they  are  merely  exceedingly  reduced  in  bulk. 

•  XLVl.  The  frequent  congestions  of  the  conglobate  glands,  de- 
pend on  the  stagnation  of  the  lymphatic  fluid  in  their  substance, 
and  on  the  comparative  weakness  of  the  sides  of  the  vessels  in  these 
parts.  The  influence  of  debilitating  causes  on  the  lymphatic  sys- 
tem, acts  most  powerfully  on  the  glands,  which  are  the  weakest 
part  of  that  system.  In  such  cases,  the  vessels  which  enter  into 
the  composition  of  the  glands,  act  feebly,  or  cease  to  act  altogether  ; 
the  fluids,  of  which  there  is  a  continual  accession,  accumulate; 
the  most  liquid  part  alone  penetrates  through  the  glandular  organ, 
the  grosser  particles  remain,  the  humour  thickens,  hardens,  and 
forms  congestions  of  various  kinds.  If  there  is  a  tendency  to 
cancer,  such  tumours,  at  firstindolenr,  become  painful,  the  indurated 
matter  being,  in  a  manner,  out  of  the  influence  of  the  vital  power, 
since  its  vessels  are  in  a  state  of  cbmpleat  atony,  undergoes  a  sort 
of  putrid  fermentation-,  the  consequence  of  which  is  a  destruction 
and  erosion  of  the  cellular  tissue,  attended  by  inflammation- of  the 
skin  and  neighbouring  parts.  The  tumour  becomes  an  abscess,  and 
discharges  matter  rendered  liquid  by  the  process  of  fermentation, 
and  so  acrid  and  irritating,  that  it  extends  the  affection  towards  all 
the  parts  w  ith  which  it  comes  in  contact. 

The  notions  entertained  hitherto  on  cancer,  are,  at  once,  defi- 
cient in  precision  and  accuracy,  and  it  is  to  their  fallacy,  that  we  are 
to  attribute  the  number  of  contradictory  opinions  on  the  subject  of 
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its  proper  treatment.  Too  precise  a  distinction  cannot  be  laid  down, 
between  the  cancerous  or  phagedenic  ulcer,  whose  seat  is  always 
in  tl«?  skin,  or  in  the  mucous  membranes  (which  being  mere  pro- 
longations of  the  skin,  retain  much  of  its  structure),  and  those 
cancers  which  affect  the  other  parts  of  the  animal  economy,  espe- 
cially the  lymphatic  glands,  the  testicles  and  the  breasts,  in  the 
cancerous  ulcers,  peculiarly  frequent  in  the  face,  the  lips,  the 
tongue,  in  the  inner  coat  of  the  stomach,  of  the  rectum,  and  of  the 
uterus,  the  parts,  affected  with  inflammation  of  a  malignant  kind, 
are  destroyed,  without  any  means  of  checking  the  progress  of  that 
destructive  action,  the  cause  of  which  is  easily  conceived,  while  in 
true  cancer,  the  glandular  tumefaction  always  precedes  the  can- 
cerous diathesis.  As  long  as  the  affection  consists  merely  in  the 
obstruction  of  the  vessels  by  indurated  lymph,  the  tumour  is  indo- 
lent, and  is  yet  only  a  schirrus  ;  but  soon  all  trace  of  organiza- 
tion is  lost  in  the  tumefied  part,  the  ruptured  vessels  are  lost  in  the 
mass  of  different  substances ;  the  process  of  fermentation  which 
takes  places,  converts  every  part  into  a  grayish  pulpy  substance, 
in  which  the  most  expert  eye  can  discover  no  organization,  and  no 
distinction  of  parts.  Whenever  this  cancerous  destruction  of 
parts  occurs,  whether  the  whole  organ  is  affected,  or  whether  the 
disease  extends  only  to  a  few  points,  extirpation  is  the  only 
remedy  to  be  employed;  it  is  absolutely  necessary,  that  a  sur- 
gical operation  should  rid  the  constitution  of  a  part,  in  which 
organization  and  life  no  longer  exist. 

The  lymphatic  glands  which  swell  in  the  vicinity  of  cancerous 
tumours,  have  already  received,  by  means  of  the  absorbents,  the 
destructive  germ,  and  must  be  removed,  with  the  rest  of  the  di- 
seased part,  that  the  operation  may  be  attended  with  the  greater 
prospect  of  success.  It  is  very  true,  that  open  cancers  of  the 
breast  may,  for  a  long  time,  discharge  putrid  matter,  without  in- 
ducing a  cancerous  affection  of  the  glands  of  the  axilla.  But 
may  not  the  discharge,  in  this  case,  act  on  the  principle  of  revul- 
sion ;  and  besides,  what  shall  we  oppose  to  experience,  which 
shews  that  these  glands,  if  not  removed  along  with  the  cancerous 
breast,  soon  become  affected  with  cancer.  If  the  nature  of  this 
work  did  not  circumscribe  me,  within  certain  limits,  I  should 
point  out  several  other  particulars  relatire  to  the  history  of  cancer, 
and  among  other  cases,  in  my  own  practice,  I  should  relate  that 
of  a  woman,  in  whom  [  removed  a  cancerous  tumour  situated  ou 
the  leftside  of  the  chest;  this  case  is  remarkable  from  the  number 
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of  operations  which  her  disease  required,  and  for  which  M.  I'pfle- 
tan  removed,  six'years  ago,  the  left  breast,  and,  three  years  ago,  at 
gland  under  the  axilla  of  tin;  saint  side. 

The  difference  in  the  termination  of  glandular  swellings  and 
those  arising  fromcancer,sc  roplmla,  or  syphilis,  makes  it  probable, 
that  there  exist  ferments,  or  specific  poisons,  which  tlispose  the- 
accumulated  matter  to  undergo  peculiar  changes. 

The  venereal  virus,  absorbed  by  the  lymphatics  of  the  organs  of 
generation,  remains,  for  some  time,  in  theglands  of  (he  groin,  before 
itextends  beyond,  as  is  proved  by  the  cure  of  the  venereal  disease, 
by  extirpating  the  diseased  glands.  In  short,  the  impediment 
w  hich  the  lymph  meets  w  ith,  in  passing  through  the  glands,  shew  s 
■why  these  parts  are  so  frequently  the  seat  of  critical  abscesses,  by 
■which  we  judge  of  the  nature  of  several  fevers  of  a  malignant  kind. 
In  the  plague  of  Eastern  countries,  the  virus  that,  occasions  \)n> 
dreadfut  malady,  is  disseminated  throughout  the  bodv,  collects  in 
the  glands,  is  transmitted  through  them  w  ith  difficulty,  brings  on  ai> 
irritation  and  gangrenous  inflammation,  terminating  in  pestilential 
buboes. 

XLVII.  The  thoracic  duct  may  be  considered  as  the  centre 
in  which  the  whole  lymphatic  system  terminates ;  it  arises  at  the 
upper  part  of  the  abdomen,  from  the  union  of  the  chylous  vessels 
with  the  lymphatics  coming  lrom  the  inferior  extremities.  At  the 
part  where  all  these  vessels  meet,  there  is  a  dilatation,  a  sort  of 
ampullula,  called  lumbar  cistern,  receptaculum  chyli,  or  of  Pec- 
quet, which,  in  truth,  is  not  always  found,  and  the  size  of  which  is 
very  variable.  The  thoracic  duct  enters  the  chest,  through  the 
opening  in  the  diaphragm  which  transmits  the.  aorta,  it  then  ascends 
along  the  spine,  on  the  right  side  of  the  aorta,  w  ithin  the  posterior 
mediastinum.  At  the  upper  part  of  the  chest,  opposite  to  the 
seventh  cervical  vertebra,  it  inclines  from  the  right  to  the  left  side, 
passes  behind  the  oesophagus  and  the  trachea,  and  opens  into  the 
subclavian  vein  of  the  left  side,  at  the  back  part  of  the  insertion  of 
the  internal  jugular  into  that  vein.  While  the  thoracic  duct 
is  ascending  along  the  spine,  it  receives  the  lymphatics  of  the  pa- 
rietes  of  the  chest ;  those  of  the  lungs  enter  it  as  it  passes  behind 
the  root  of  these  organs.  In  its  course  from  the  right  towards  the 
left  side,  it  receives  the  absorbents  of  the  right  upper  extremity, 
and  those  of  the  right  side  of  the  head  and  neck.  Lastly,  it  unites 
■with  those  vessels  which  are  cCming  from  the  left  side  of  the 
head  and  neck,  as  well  as  from  the  left  upper  extremity,  just  bff« 


fore  opening  into  the  subclavian  vein.  The  thoracic  duct  sometimes 
has  its  insertion  in  the  jugular  vein  of  the  same  side,  and  not un- 
frequently  the  lymphatics  of  the  right  side  of  the  chest,  neck,  and 
head,  and  of  the  right  upper  extremity,  unite  to  form  a  second 
duct,  which  opens  separately  into  the  right  subclavian  vein.* 
Whatever  be  the  vein  into  which  the  duct  opens,  its  structure  is  the 
same  as  that  of  the  lymphatics,  and  its  inner  part  is  furnished  with 
valvular  folds.  Its  increase  of  size  is  not  progressive,  as  it  ap. 
proaches  towards  its  termination;  on  the  contrary,  there  are 
seen,  here  and  there,  dilatations  of  different  sizes,  separated  by 
proportionate  contractions.  Sometimes,  it  divides  into  several 
vessels  which  inosculate  and  form  lymphatic  plexuses.  The  open- 
ing at  which  the  thoracic  duct  enters  the  subclavian  vein,  is  fur- 
nished with  a  valve,  better  calculated  to  prevent  the  flow  of  blood 
into  the  lymphatic  system, than  to  moderate  the  too  rapid  flow  of  the 
lymph  into  the  torrent  of  circulation.  Compression  of  the  thoracic 
duct,  in  aneurism  of  the  heart  and  aorta,  gives  rise  to  several  kinds 
of  dropsv,  a  disease  always  depending  on  the  loss  of  equilibrium, 
between  the  processes  of  inhalation  and  exhalation,  eithar  from  in, 
creased  action  of  the  exhalants,  or  from  the  absorbents  refusing 
to  take  vip  the  lymph,  in  consequence  of  obstruction  in  the  glands, 
or  of  compression  of  the  duct. 

XL VI 1 1.  The  nature  of  the  lymph  is  far  from  being  as  well 
understood,  as  that  of  the  vessels  along  which  it  circulates.  Haller 
considers  it  as  very  analogous  to  the  serum  of  the  blood,  and  says 
i  p.  it  this  substance, to  which  h  efrequently  gives  the  name  of  lymph, 
is  like  the  fluid  contained  in  the  absorbents,  slightly  viscous  and 
saltish  ;  that  heat,  alcohol,  and  the  acids  coagulate  it.  in  short,  that 
it  possesses  all  the  qualities  of  the  albuminous  fluids.  The  serum 
of  the  blood  exhaled,  thoughout  the  extent  of  the  internal  surfaces, 
and  ev«»n,  within  the  substance  of  our  organs,  by  the  capillary 
arterie=,  is  absorbed  by  the  lymphatics,  and  is  one  of  the  princi- 
pal sources  of  the  lymph,  which  resembles  it  much.  It  may  be 
conceived ,  however,  tiiat  the  nature  of  the  lymph  must  be  much 


♦  In  <ome  rare  rase-,  lymphatic  vessels,  in  other  parts  of  the  body,  are  seen  to 
•p*n  into  neighbouring  veins.  This  enables  one  to  account  for  the  presence  of 
the  chvle  which  ii  said  to  iiavc  been  found  in  the  mcseraic  veins,  into  which  it 
had  been  poured  by  some  lacteal.  Mascagni  was  aware  of  this  anatomical  fact. 
The  lymphatic  »ystem  is,  however,  the  mosl  subject  to  deviation,  of  any  in  the 
animal  economy. 
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more  compound  than  that  of  the  serum  of  the  blood,  since  the 
lymphatics  which  absorb,  almost  indiscriminately,  every  kind  of 
substance,  take  up  what  comes  off  from  our  organs,  and  the  re- 
crementitious  parts  of  our  lluids,  and  these  are  some  times  recog- 
nizable in  the  absorbents,  when  murked  by  striking  qualith  s.  as 
fat  by  its  not  mixing  with  aqueous  lluids,  and  bile  by  its  deep 
yellow  colour. 

The  chyle,  which  is  necessarily  affected,  by  the  various  kinds 
of  food  which  we  use,  has  different  appearances  in  the  same  per- 
sons, varying  according,  to  the  quality  of  the  different  substances 
on  which  we  feed  ;  indigo  gives  it  a  blue  colour  :  it  is  reddened 
by  madder  and  beet  root,  and  is  changed  to  green,  by  the  colour- 
ing matter  of  several  vegetables,  &c.  In  a  great  number  of  expe- 
riments performed  on  living  animal?,  it  has  always  appeared  to 
me,  such  as  it  is  described  by  authors,  white,  with  a  slight  viscidity 
and  very  like  milk  containing  a  very  small  quantity  of  Hour.  It 
is  easy  to  collect  a  certain  quantity  of  chyle,  by  tying  the  tho- 
racic duct  of  a  large  dog,  of  a  sheep,  or  even  of  a  horse,  as  was 
done,  several  times,  at  the  veterinary  school  at  Alfort.  This  fluid, 
when  exposed  to  the  air,  on  cooling,  separates  into  two  parts,  the 
one  forming  a  kind  of  gelatinous  coagulum,  very  thin  and  not 
unlike  the  buffy  coat  of  inflammatory  blood  ;  the  other,  in  greater 
quantity  and  liquid,  rising  above  the  coagulum,  on  its  being 
detached  from  the  sides  of  the  cup  to  which  it  adheres.  The  coa- 
gulated mass  is  semi-transparent,  of  a  light  pink  colour,  does 
not  resemble  the  curd  of  milk,  so  that  all  that  has  been  said 
by  a  few  modern  physiologists,  on  the  exact  resemblance  which 
they  have  pretended  to  discover  between  milk  and  chyle,  is  totally 
void  of  foundation. 

The  lymph,  which  constantly  unites  with  the  chvle,  before  the 
latter  enters  the  sanguiferous  system,  on  being  received  into  a 
vessel  by  Mascagni,  coagulated  in  the  space  of  seven  or  ten  mi- 
nutes, turned  sour,  and  soo>  separated  into  two  parts,  the  one 
more  abundant,  serous,  in  the  midst  of  which  there  floated  a  fibrous 
coagulum,  which  by  contracting,  formed  into  a  small  cake  on  the 
surface  of  the  fluid.  Hence  he  concludes,  contrary  to  the  opinion 
of  Hewson,  that  lymph  consists,  for  the  greatest  part,  of  serum, 
and  that,fibr'ine  constitutes  its  least  part.  - 

XL1X.  The  practice  of  surgery  in  a  great  hospital,  has  affor- 
ded me  frequent  opportunities  of  examining  the  lymph  w  hich  is  dis- 
charged, in  abundance,  from  ulcerated  scrophulous  tumours,  in  the 
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groin,  iu  the  axilla,  and  in  various  other  parts  of  the  body.  I  hate 
always  met  with  a  liquid  nearly  transparent,  slightly  saline,  coagu- 
lable  bv  heat,  alcohol  and  the  acids.  Small  fibrous  llocculi  form, 
even  on  the  surface  of  the  cloths  which  are  wetted  with  it,  and 
shew  the  existence  of  two  parts,  the  one  a  gelatino-albuminous* 
lluid  holding  in  solution  several  salts,  the  other,  in  smaller  quan- 
tity, is  a  fibrous  substance  which  concretes  spontaneously.  The 
lymph)  in  man  and  the  warm-blooded  animals,  appears  to  me, 
in  very  respect,  similar  to  the  lluid  which  is  contained  in  the  ves- 
sels of  white  blooded  animals. 

CHAPTER  III* 


ON  THE  CIRCULATION. 

i 

L.  The  term  circulation  is  applied  to  that  motion  by  which  the 
blood  setting  out  from  the  heart,  is  incessantly  carried  to  all  part9 
of  the  body  by  means  of  the  arteries,  and  returns,  by  the  veins,  to 
the  centre  whence  it  began  its  circuit. 

The  uses  of  this  circulatory  motion,  are  to  expose  the  blood 
changed  by  mixing  with  the  lymph  and  the  chyle,  to  the  air  in  the 
lungs  {Respiration),  to  convey  it  to  several  viscera  in  which  it 
passes  through  different  steps  of  purification  (secretions) ;  and 
to  send  it  into  the  organs  whose  growth  is  to  be  promoted,  or 
whose  losses  are  to  be  repaired,  by  the  nutritive  and  annualized 
part  of  the  blood  brought  into  a  state  of  perfection,  by  these  suc- 
cessive processes  (nutrition). 

The  circulatory  organs  are  less  useful  in  elaborating,  than  in 
conveying  the  fluids.  To  form  a  just  conception  of  their  uses,  one 
may  compare  them  to  those  workmen  in  a  large  manufactory  in 
which  various  kinds  of  goods  are  made,  who  are  employed  in  car- 
rying the  materials  to  tho«ewho  are  to  work  them  ;  and  as  among 
the  latter,  some  fihish  the  work,  while  others  prepare  the  materials, 
so  the  lungs  and  the  secretory  glands  are  continually  occupied  in 
separating  from  the  blood,  whatever  is  too  heterogeneous  to  our 
nature  to  become  assimilated  to  our  organs,  or  to  afi'ord  them  nou- 
rishment. 
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Td  understand,  thoroughly,  the  mechanism  of  thit  function,  it  ii 
necessary  to  study  separately  the  action  of  the  heart,  that  of  the 
arteries  which  arise  from  it,  and  lastly  that  of  the  veins  which  enier 
it-  The  union  of  these  three  classes  of  organs,  forms  the  circle  of 
the  circulation. 

LI.  Of  {he  action  of  the  heart.  In  man  and  in  all  warm- 
blooded animals,  the  heart  is  a  hollow  muscle,  the  inner  part  of 
which  is  divided  into  four  large  cavities  which  communicate  with 
one  another;  from  these,  vessels  arise  which  convey  the  blood  to 
all  parts  of  the  body,  and  the  vessels  which  bring  it  back,  from 
all  those  parts,  likewise  terminate  in  these  cavities. 
O  The  heart  is  placed  in  the  chest,  between  the  lungs,  above  the 
ir  Jj  ^diaphragm  whose  motions  it  follows:  it  is  surrounded  by  the  peri- 
cardium, a  dense  and  fibrous  membrane  admitting  of  very  slight 
extension,  closely  united  to  the  substance  of  the  diaphragm,  co- 
vering the  heart  and  great  vessels,  without  containing  them  in  its 
cavity,  furnishing  an  external  covering  to  the  heart  and  bedewing 
its  surface  with  a  serous  fluid,  which  never  accumulating,  except 
in  disease,  facilitates  its  motion,  and  prevents  its  adhering  to  the 
neighbouring  parts.  8?Ii6  principal  use  of  the  pericardium,  is  to 
fix  the  heart  in  its  place,  to  prevent  its  being  displaced  into  other 
parts  of  the  chest,  which  could  not  happen,  without  occasioning  a 
fatal  disorder  in  the  circulation.  If,  after  having  laid  open  the  chest 
of  a  living  animal,  by  raising  the  sternum,  an  incision  is  made  into 
the  pericardium,  the  heart  protrudes  through  the  opening, and  moves 
to  the  right  and  left  by  bending  itself  on  the  origin  of  the  large 
vessels ;  the  course  of  the  blood  is  then  intercepted,  and  the 
animal  threatened  with  immediate  suffocation. 

In  man,  the  heart  is  placed  marly  towards  the  union  of  the 
upper  third  of  the  body,  with  the  lower  two  thirds;  it  is,  there- 
fore, nearer  to  the  upper  parts;  it  holds  them  under  a  more  im- 
mediate controul,  and  as  that  organ  keeps  up  the  action  of  all  the 
rest,  by  the  blood  which  it  sends  into  them,  the  parts' above  the 
diaphragm,  have  much  more  vitality  than  the  parts  beneath.  The 
skin  of  the  upper  part  of  the  body,  and  especially  of  the  face,  has 
more  colour,  and  is  warmer  than  that  of  the  lower  parts ;  the  phe- 
nomena of  disease  come  on  more  rapidly  in  the  upper  parts;  they 
are,  however,  less  liable  to  put  on  a  chronic  character. 

The  bulk  of  the  heart,  compared  to  that  of  other  parts,  is 
Urger  in  the  fcetus,  than  in  the  child  that  has  breathed,  ia  short 
men,  than  in  those  of  high  stature.  The  heart  is  likewise  larger,  the 
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stronger,  ami  more  powerful  in  courageous  animals  than  in  weak 
and  timid  creatures. 

This  is  (he  lixst  instance  of  a  moral  quality  depending  on  a  phy- 
sical disposition  of  parts;  it  is  one  of  the  most  striking  proofs  of 
the  influence  of  the  moral  character  of  man,  on  his  physical  na- 
ture. Courage  arises  out  of  the  consciousness  of  strength,  and 
the  latter  is  in  proportion  to  the  activity  with  which  the  heart 
propels  the  blood  towards  all  the  organs.  The  inward  sensation 
occasioned  by  the  afflux  of  the  blood,  is  the  more  lively,  and  the 
tetter  felt,  when  the  heart  is  powerful.  It  is  on  that  account  that 
some  passions,  for  example,  anger,  by  increasing  the  action  of  the 
heart  increase  a  hundred  fold  both  the  strength  and  courage, 
while  fear  produces  an  opposite  effect.  Every  being  that  is  feeble, 
is  timorous,  shuns  danger,  because  an  inward  feeling  warns  him, 
that  he  does  not  possess  sufficient  strength  to  resist  it.  It  may 
perhaps  be  objected,  that  some  animals,  as  the  turkey  cock  and  the 
ostrich,  posses  less  courage  than  the  least  bird  of  prey,  that  the 
ox  has  less  than  the  lion  and  other  carnivorous  animals.  What 
has  been  said  does  not  apply  to  the  absolute,  but  to  the  relative 
size  of  the  heart.  Now,  though  the  heart  of  a  hawk,  be  absolutely 
smaller  than  that  of  a  turkey  cock,  it  is  nevertheless  larger,  in  pro- 
portion to  the  other  parts  of  the  animal.  Besides,  the  bird  of 
prey,  like  the  other  carnivorous  animals,  in  part  owes  his  courage, 
to  the  strength  of  his  weapons  of  offence. 

Another  objection,  more  specious,  but  not  better  founded,  is 
drawn  from  the  courage  manifested,  on  certain  occasions,  by  the 
most  timid  animals,  for  example,  by  the  hen  in  protecting  her 
young;  from  the  courage  with  which  other  animals  pressed  by 
hunger  or  lust,  surmount  all  obstacles,  but  particularly  from  the 
heroic  valour  of  men  of  the  most  feeble  bodies.  All  these  facts, 
however,  are  only  proofs  of  the  influence  of  the  mind  on  the  body. 
In  civilized  man,  the  prejudices  of  honour,  interested  considera- 
tions, and  a  thousand  other  circumstances,  degrade  the  natural  in- 
clinations of  man,  so  as  to  make  a  coward  of  one  whose  strength  is 
such  as  would  induce  him  to  bra/e  all  kinds  of  dangers,  wfiftfe  on 
the  other  hand,  men  whose  organization  should  render  tlfem  most 
timid,  are  inspired  to  perform  the  most  daring  actions.  But  all 
these  passions,  all  these  moral  affections  opehite,  only  byUri-i 
creasing  the  action  of  the  heart,  by  increasing  the  frequency  atid 
the  force  of  its  pulsations,  s6  that  it  excites  the  brain  or  the  tmistue 
lar  system,  by  a'mor*  abundant  supply  df  btobd. 
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The  heart  is  not  quite  ovoid  in  man  as  it  is  in  several  animals,, 
nor  is  it  parallel  to  the  vertebral  column,  but  it  lies  obliquely, 
and  is  flattened  towards  the  side  next  the  diaphragm  on  which  it 
rests. 

Of  the  four  cavities  which  form  the  heart,  two  are,  in  a  measure 
accessory,  viz.  the  auricles  ;  they  are  small  musculo-membranous 
bags  op.posed  to  each  other,  receiving  the  blood  of  all  the  veins, 
and  pouring  that  fluid  into  the  ventricles  at  the  base  of  which  the 
auricles  are,  as  it  were,  applied.  The  ventricles  are  two  mus- 
cular bags  separated  by  a  partition  of  the  same  nature,  and  belong- 
ing equally  to  both:  they  form  the  greatest  part  of  the  heart  and 
give  origin  to  the  arteries. 

The  auricle  and  ventricle  on  the  right  side,  arc  larger  than 
those  on  the  left.  But  that  difference  of  size  depends  a.;  much  on 
the  manner  .in  which  the  blood  circulates,  at  the  approach  of 
death,  as  ou  the  original  conformation  of  the  heart.  On  the  point 
of  death,  the  lungs  expand  with  difficulty,  and  the  blood  sent  into 
them,  by  the  contractions  of  the  right  ventricle,  being  no  longer 
able  to  circulate  through  them,  collects  in  that  cavity,  flows  back 
into  the  right  auricle,  in  which  the  veins  continue  to  deposit  blood, 
stretches  their  parietes,  and  increases  considerably  the  dimensions 
of  those  cavities.  The  capacity  of  the  right  cavities  is,  however, 
oiiginally  greater,  than  that  of  the  left,  and  is  proportioned  to  that 
of  the  venous  system  which  opens  into  it.  The  right  cavities  of 
the  heart,  which  might  be  called  its  venous  cavities,  have  likewise 
thinner  parietes  than  the  left  or  arterial,  and,  in  this  respect,  tlie 
same  difference  is  observed,  as  in  the  parietes  of  the  arteries  and 
reins.  The  right  ventricle  having  to  send  the  blood  destined  to 
the  lungs,  to  a  very  short  distance,  and  through  a  tissue  easily  pe- 
netrated, requires  but  a  moderate  impelling  force. 

As  will  be  shewn,  in  speaking  of  respiration,  a  function  of  which 
the  physiological  history  is  not  easily  separated  from  that  of  the 
circulation,  the  heart  may  further  be  considered,  as  formed  of 
two  part$  in  contact,  the  one  right  or  venous,  the  other  left  o<" 
arterbiJ.  Notwithstanding  the  juvta  position  of  these  two  parts 
of  thf  *ime  organ,  they  are  perfectly  distinct,  and  the  blood  in 
par.h  cavity,  is  very  different  from  that  in  the  other.  The  blood, 
in  the  adult,  can  never  pass  immediately  from  the  one  to  the 
other;  the  right  sid*  of  the  heart,  receives  the  blood  of  the 
whole  body  and  transmits  it  to  the  lungs;  the  left  side  of  ilk 
fceart,  receives  the  blood  of  the  lungs,  and  distributes  it  over  the 
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whole  body,  so  that,  in  a  physiological  point  of  view,  the  lungs' 
form  a  part  of  the  circle  of  the  circulation,  and  serve  as  an  indis- 
pensable medium  between  the  two  divisions  of  the  heart,  and  as 
will  be  seen  hereafter,  their  part  of  the  circle  is,  by  no  means,  the 
least  important. 

If  there  existed,  between  the  ventricles,  a  direct  communica- 
tion, the  venous  bloed  would  mix  with  the  arterial,  and  the 
union  of  these  two  fluids  would  mutually  impair  the  qualities  of 
each.     Recent  observations  have  furnished  an  opportunity  of 
judging  of  the  e  ffects  of  such  a  communication  between  the  ventri- 
cles, which  had  been  imagined  by  the  ancients,  but  of  which  no  case 
had  yet  been  met  with.    A  man  forty-one  years  of  age,  came 
to  the  Ilopital  de  la    Chajitc-,    to  undergo  the  operation  of 
lithotomy.    lie  was  remarkable  for  the  lividity  of  his  complexion, 
the  turgescence  of  the  vessels  of  the  conjunctiva,  and  the  thickness 
of  his  Hps,  which,  like  the  rest  of  his  face,  were  of  a  dark  colour, 
his  respiration  was  laborious,  his  pulse  irregular,  he  could  not 
ntter  two  words  in  succession,  without  taking  breath;  was  obliged 
to  sleep  in  a  sitting  posture,  and  was  particularly  remarkable  for 
his  indolence.    This  indolence,  joined  to  great  simplicity  of  na- 
ture, was  such,  that  he  had  never  been  able  to  maintain  himself, 
■without  the  assistance  of  his  wife.  '  A  very  small  quantity  of  blood 
was  taken  from  his  arm,  in  consequence  of  which,  his  pains  were 
diminished,  but  his  dilhculty  of  breathing  increased,  was  followed 
by  syncope,  and  he  died  from  suffocation.    On  opening  his  body, 
his  heart  was  found  filled  with  blood,  and  especially  the  right 
auricle,  which  was  considerably  distended?  the  pulmonary  artery 
was  aireurlsmal,  and  uniformly  distended'from  the  right  ventricle, 
to  its  division;  none  of  its  coats  had  yet  given  way.    The  two 
ventricles  of  the  heart  were  of  neatly  the  same  capacity,  and  the 
relative  thickness  of  their  parietes  did  not  vary  so  much  as  in 
health.    The  partition  between  them,  contained  an  opening  of 
communication  of  an  oblong  shape,  about  half  an  inch  in  extent, 
and  directed  obliquely  from  below  upwards,  from  before  back- 
ward, and  from  left  to  right,  so  that,  not  only  the  direction  of  the 
opening,  but  likewise  a  kind  of  valve  formed  in  the  right  ventricle, 
by  a  fleshy  column,  so  placed  as  to  prevent  the  return  of  the 
blood  into  the  left  ventricle ;  clearly  shewed,  that  the  blood  Uowed 
from  the  left  into  the  right  ventricle,  and  (hence  into  the  pulmo- 
nary artery.    The  ductus  arteriosus,  an  inch  in  lungth,  and  large 
enough  to  admit  a  goose  quill,  allowed,  as  in  the  fcetus,  a  fri'e 


passage  to  the  blood,  from  the  pulmonary  artery  into  the  aorta.. 
The  foramen  ovale  wasclosed. 

This  singular  conformation  explains,  in  the  most  satisfactory- 
manner,  the  phenomena  observed  during  the  life  of  the  patient., 
and  the  organic  affection  of  the  pulmonary  artery.    There  was 
necessarily,  in  this  vessel,  a  mixture  of  venous  and  arterial  blood, 
and  this  blood  vyas  sent  into  it,  in  part  by  the  action  of  the  left 
ventricle,  with  an  increased  impetus,  which  accounts  for  the  aneu- 
rism.   The  blood  which  reached  the  lungs  was  already  vivified, 
and  required  less  action  from  that  organ,  to  complete  its  oxyda- 
tion;  on  the  other  hand,  the  right  auricle  emptied  itself,  with 
difficulty,  into  the  right  ventricle,  in  part  filled  with  the  blood 
•which  the  left  ventricle  sent  into  it  with  greater  force:  hence 
the  extreme  difficulty  in  the  venous  circulation,  the  lividity  of 
t,he  complexion,  the  colour  and  the  puffiness  of  the  face,  the  ha- 
bitual and  general  torpor.    This  state  of  languor  and  inactivity 
might,  likewise,  depend  on  the  flow  of  the  venous  blood  into  the 
aorta,  along  the  ductus  arteriosus.    It  is  worthy  of  observation, 
however,  that  this  impure  blood  was  not  transmitted  to  the  brain, 
•whose  vital  excitement  it  would  not  have  been  able  to  maintain. 
The  lower  extremities  bore  no  proportion  to  the  upper,  and  this 
inequality  analagous  to  what  is  observed  in  the  foetus,  depended 
on  a  similar  cause.    This  morbid  preparation,  was  deposited  by 
M.  Deschamps,  in  the  museum  of  the  Ecole  de  Medecine  of  Paris,, 
and  was,  by  their  desire,  modelled  in  wax.    M.  Beauchene,  junior, 
presented  the  same  museum  with  a  similar  preparation,  which  he. 
procured  from  a  subject  in  the  dissecting  room. 

Several  anatomists  have  paid  attention  to  the  structure  of  the 
heart;  much  has  been  said  on  the  subject  of  the  peculiar  arrange, 
ment  of  the  muscular  fibres  which  form  its  parietes,  yet,  the  only 
result  that  can  be  obtained  from  all  these  researches  is,  that  it  is 
absolutely  impossible  to  unravel  the  intricacy  of  these  fibres. 
Fibres  of  the  ordinary  structure,  and  crossing  each  other,  in  vari- 
ous directions,  form  the  two  auricles;  other  and  more  numerous 
fibres  form  the  parietes  of  the  ventricles,  reach  from  the  apex  to 
the  base,  extend  into  the.  septum  which  divides  them,  pass  from  the 
qne  to  the  other  and  are  lost  into  each  other,  in  several  points. 
They  are  exceedingly  red,  short,  close,  and  united  by  a  cellular 
tissue,  in  which  fat  scarcely  ever  accumulates.' 

These  fibres,  forcibly  pre^r  J  agninst  each  other,  form  a  tissue 
similar  to  the  fleshy  part  of  the  tongue,  endowed  with  but  little 
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sensibility,  but  contractile  in  the  highest  dogree.  Vessels  ami. 
nerves,  in  considerable  number,  if  compared  to  the  bulk  of  the 
heart,  pervade  this  muscular  tissue,  whose  contraction,  whatever 
in  other  respects  may  be  the  direction  of  its  fibres,  tends  to  draw 
towards  the  centre  of  the  cavities,  every  point  of  their  parietes-. 
Lastly,  a  very  fine  membrane  lines  the  inner  part  of  these  cavi- 
ties, facilitates  the  flow  of  the  blood,  aud  prevents  the  infiltration 
of  that  fluid. 

LII.  If  we  suppose,  for  a  moment,  that  all  the  cavities  of  the 
heart  are  perfectly  emptied  of  blood,  and  that  they  fill  in  succes- 
sion, the  following  maybe  considered  as  the  mechanism  of  the  cir- 
culation through  the  heart.  The  blood  brought  back  from  every 
part  of  the  body,  and  deposited  into  the  right  auricle,  by  the  two 
venas  cave,  and  by  the  coronary  vein,  separates  its  parietes  and 
dilates  it,  in  every  direction.  The  irritation  attending  the  pre- 
sence of  the  blood,  stimulates  the  auricle  to  contraction;  this  fluid, 
which  is  incompressible,  flows  back,  in  part,  iuto  the  veins,  but  it 
chiefly  passes  into  the  pulmonary  ventricle,  through  a  large  aper- 
ture, by  means  of  which  it  communicates  with  the  right  auricle. 
The  auricle  after  freeing  itself  of  the  blood  with  which  it  is  filled, 
relaxes  and  again  dilates  by  the  accession  of  a  new  supply  of 
this  fluid,  continually  brought  by  the  veins  which  open  into  it. 

However,  the  right  ventricle,  filled  with  the  blood  which  it  has 
received  from  the  auricle,  contracts  in  its  turn  on  the  fluid  whose 
presence  excites  its  parietes,  and  tends,  in  part,  to  return  it intoihe 
rjght  auricle,  and  to  send  it  along  the  pulmonary  artery.  Regur. 
gitation  from  the  ventricle  into  the  auricle,  is  prevented  by  the  tri- 
cuspid valve,  a  membranous  ring  surrounding  the  edge  of  the  open- 
ing of  communication,  and  the  free  edge  of  which  is  divided  into 
three  divisions,  to  which  are  attached  small  tendons  terminating 
into  the  columnar  carneas  of  the  heart.  These  valves  laid  against 
the  parietes  of  the  ventricle,  the  instant  the  blood  passes  into  its 
cavity,  recede  from  them  when  it  contracts,  and  rise  towards  the 
auricular  opening.  They  cannot  be  forced  into  the  auricle,  as 
their  free  and  loose  edge  is  kept  in  its  situation  by  the  columnar 
carneae,  which  are  like  so  many  little  muscles  whose  tendons  in- 
serted into  the  loose  edges  of  the  valves,  bind  them  down,  when 
the  stream  of  blood  tends  to  force  those  membranous  folds  towards 
the  auricles.  The  three  divisions,  however,  of  the  tricuspid  valve, 
by  rising  towards  the  auricular  aperture,  return  into"  the  auricle, 
all  the  blood  contained  in  the  inverted  cone  which  they  form,  im- 
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mediately  before  rising.  Besides,  those  three  portions  of  the  tri- 
cuspid valve  do  not  close  completely  the  aperture,  around  which 
they  are  placed,  they  are  perforated  by  a  number  of  small  holes  :  a 
part  of  the  blood,  therefore,  returns  into  the  auricle,  but  the 
greatest  portion  is  sent  into  the  pulmonary  artery.  The  action  of 
this  vessel  begins,  -when  the  parietes  of  the  ventricle  are  in  a  state 
of  relaxation,  and  the  blood  would  be  forced  back  into  the  ven- 
tricle,  if  the  sygmoid  valves,  by  rising  suddenly,  did  not  prevent 
it.  Supported  on  a  kind  of  floor  formed  by  three  valves  w  hich  lie 
across  the  caliber  of  the  vessel,  the  blood  'pervades  the  tissue  of 
the  lungs,  and  flows  along  the  divisions  of  the  pulmonary  vessels; 
from  the  arteries  it  passes  into  the  veins,  and  these,  four  in  number, 
deposit  it  into  the  left  auricle.  This  auricle,  stimulated  by  the 
presence  of  the  blood,  contracts  in  the  same  manner  as  the  right, 
part  of  the  blood  flows  back  into  the  lungs,  but  the  greatest  part 
enters  the  left  ventricle,  which  sends  it  along  the  aorta,  to  every 
part  of  the  body,  whence  it  returns  to  the  heart  by  the  veins. 
The  return  of  the  blood  into  the  left  auricle,  is  prevented  hy  the 
mitral  valve  which  is  similar  to  the  tricuspid,  except  that  i!s  loose 
edge  is  divided  only  into  two  divisions.  As  soon  as  the  blood 
has  reached  the  aorta,  this  vessel  contracts,  its  sygmoid  valves 
fall,  and  the  blood  is  sent  to  every  part  of  the  body  which  is 
supplied  by  some  of  the  innumerable  branches  of  that  great 
artery. 

In  a  natural  state,  the  circulationis  not  carried  as  has  been  just 
stated  ;  and,  we  have  supposed  this  successive  action  of  the  four 
cavities  of  the  heart,  only  to  render  more  intelligible  the  mechanism 
ef  the  circulation  in  that  organ.  If  we  lay  bare  the  heart  in  a 
living  animal,  we  observe,  that  the  two  auricles  contract  at  the 
same  time,  that  the  contraction  of  the 'ventricles  is  likewise  simul- 
taneous, so  that  while  the  auricles  are  contracting,  to  expel  the 
blood  which  fills  them,  the  ventricles  are  dilating  to  receive  it. 
This  successive  contraction  of  the  auricles  and  ventricles  is  readily 
explained,  by  the  alternate  application  of  the  stimulus  which  de- 
termines the  action  of  these  cavities.  The  blood  which  the  veins 
bring  into  the  auricles,  does  not  «xcite  their  contraction,  till  a 
sufficient  quantity  has  been  collected.  While  this  accumulation  is 
faking  place,  they  yield,  and  the  resistance  which  is  felt  on  touch- 
ing them,  during  their  diastole,  depends,  almost  entirely,  on  the 
presence  of  the  blood  which  separates  and  supports  their  parietes. 
The  sace  applies  to  the  ventricles;  they  cannot  contract,  until  a 
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Sufficient  quantity  of  blood  is  collected  within  them  ;  that  there 
remains  some  blood  in  these  cavities,  for  they  are  never  com- 
pletely emptied,  is  no  objection  .to  the  theory,  since  this  small 
quantity  is  not  sufficient  to  bring  on  contraction  of  the  heart,  awd 
is  not  worth  taking  into  account. 

If  I  am  asked,  why  the  four  cavities  of  the  heart  do  not  all 
contract  at  once,  I  answer,  that  it  is  easier  to  assign  the  final, 
than  the  proximate  cause.  If  the  contraction  of  these  cavities  had 
been  simultaneous,  instead  of  being  successive,  it  is  evident,  that 
the  auricles  could  not  have  emptied  themselves  into  the  ventricles. 
The  alternate  action  is  moreover  absolutely  necessary,  as  the 
heart  any  more  than  the  other  organs,  is  unable  to  keep  up  a  per- 
petual action  ;  the  principle  of  its  motion,  which  is  soon  exhausted, 
being  incapable  of  restoring  itself,  except  during  rest.  But,  as 
was  observed  at  the  beginning  of  this  work,  in  speaking  of  the 
vital  power  and  functions,  the  alternations  of  action  and  repose 
in  organs  which,  like  the  heart,  perform  functions  essential  to  life, 
must  be  extremely  short  in  their,  duration  and  at  very  close  in- 
tervals. 

The  cavities  of  the  heart,  however,  are  not  entirely  passive  du- 
ring dilatation,  and  the  action  of  that  organ  does  not  wholly  de- 
pend on  the  excitement  of  the  blood  on  its  parietes,  since  the 
heart  after  it  has  been  torn  from  the  body  of  a  living  animal,  pal- 
pitates, its  cavities  contract  and  dilate,  though  quite  emptied  of 
blood,  and  appear  agitated  by  alternate  motions,  which  become 
fainter  as  the  part  gets  cold.  If  you  attempt  to  check  the  diastole 
of  the  heart,  this  organ  resists  the  hand  which  compresses  it,  and 
its  cavities  appear  endowed  with  a  power  which  Galen  termed 
pulsive ;  in  virtue  of  which  they  dilate  to  receive  the  blood,  and 
not  because  they  receive  it.  In  that  respect,  the  heart  differs  es.- 
sentially  from  the  arteries,  whose  dilatation  is  occasioned  by  the 
presence  of  the  blood,  whatever  some  physiologists  may  have  said 
to  the  contrary.  I  have  repeated,  but  unsuccessfully,  the  famous 
experiment  by  which  it  is  attempted  to  be  proved,  that  these  *esT 
sels  have  the  power  of  moving  independently  of  the  presence  of  the 
blood. — An  artery  tied  and  emptied  of  blood,  contracts  betweeu 
the  two  ligatures  and  is  no  longer  seen  to  move  in  alternate  con- 
tractions. 

LN1.  The  heart  manifestly  shortens  itself,  and  the  base  ap- 
proaches towards  the  apex,  during  the  systole  or  contraction  of 
(he  ventricles.    If  it  became  elongated;  as  some  anatomists  have 


thought,  the  tricuspid  and  mitral  valves  Would  be  incapable  of  ful- 
filling the  functions  to  which  they  are  destined,  since  the  columnar 
carneac,  whose  tendons  are  inserted  in  the  edges  of  these  valves, 
would  keep  them  applied  to  the  parietes  of  the  ventricles.  The 
pulsations  which  are  felt,  in  the  interval  between  the  cartilages  of 
tire  lifth  and  sixth  true  ribs,  are  occasioned  by  the  apex  of  the 
heart  which  strikes  against  the  parietrs  of  the  chest.  In  the  ex- 
^planation  of  this  phenomenon,  it  is  noj  necessary  to  admit  the 
•elongalinn  of  the  heart  during  its  systole;  it  is  sufficient  to  consi- 
der, that  the  base  of  f tie  heart,  in  which  the  auricles  are  situated, 
rests  against  the  vertebral  column,  and  that  these  two  cavities,  by 
dilating  at  the  same  time,  and  by  their  inability  to  move  the  ver- 
tebra, before  which  they  are  situated,  displace  the  he?.rt,  and 
thrust  it  downwards  dnd  forwards.  This  motion  depends  like- 
wise, on  the  effort  \vh'ic!\  the  blood  sent  into  the  aorta  makes, 
to  bring  to  a  straight  line  the  curvature  of  that  artery,  which  re- 
acts and  carries  downwards  and  forwards  the  whole  mass  of  the 
heart,  as  it  were,  suspended  to  it. 

The  quantity  of  blood  which  each  contraction  of  the  ventricle? 
sends  into  the  aorta  and  pulmonary  artery,  most  probably,  does 
not  exceed  two  ounces  in  each  of  these  vessels.  The  force  with 
which  the  heart  acts  on  the  blood  which  it  sends  into  them,  is  but 
imperfectly  known,  however  numerous  the  calculations  by  which 
it  has  been  endeavoured  to  solve  this  physiological  problem.  In 
fact,  from  Keil,  who  estimates  at  a  few  ounces  only,  the  force 
of  the  heart,  to  Borelli,  who  makes  it  amount  to  one  hun- 
dred and  eighty  thousand  pounds,  we  have  the  calculations  of 
Michelot,  Jurine,  Robinson,  Morgan,  Hales,  Sauvages,  Cheselden, 
&c.  •  but  as  Vicri-d'Azir  observes,  not  one  of  these  calculations  is 
without  some  error,  either  anatomical  or  arithmetical :  hence  we 
may  conclude  with  Halter,  that  the  force  of  the  heart  is  great,  but 
that  it  is  perhaps  impossible  to  estimate  itwith  mathematical  pre- 
cision. If  we  open  the  chest  of  a  living  animal,  and  make  a  punc- 
taifc  in  bis  heart,  and  introduce  a  finger  into  the  wound,  pretty 
considerable  pressure  is  felt,  during  the  contraction  of  the  Ven- 
tricles. .  . 

Those  who  admit,  to  its  full  extent,  Harvey's  opimon  on  the 
circulation  of  the  blood,  and  who  think  with  him,  that  the  heart 
is  the  sole  agent  of  the  circulation,  over-rate  the  power  of  that 
organ,  so  as  to  proportion  it  to  the  extent  of  the  course  wh.ch  the 
blood  is  to  take,  and  to  the  number  of  the  obstacles  which  it  is  to 
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meet  in  its  way.  But,  as  I  am  about  to  state,  the  blood  vessels 
should  not  be  considered  as  inert  tubes,  in  which  the  blood  Hows 
from  the  mere  impulse  which  it  has  received  from  the  heart. 

LIV.  Of  the  action  of  the  arteries.  There  is  no  part  of  the 
body  to  which  the  heart  does  not  send  blood  by  the  arteries,  for, 
it  is  impossible  to  make  a  . puncture,  with  the  finest  needle,  into 
any  of  our  organs,  without  wounding  several  of  these  vessels  and 
causing  an  effusion  of  blood.  The  aortic  arterial  system  may  be 
compared  to  a  tree,  whose  trunk,  represented  by  the  aorta,  having 
its  root  in  the  left  ventricle  of  the  heart,  extends  afar  its  branches, 
and  throws  out,  on  every  side,  its  numerous  ramifications.  The 
size  of  the  arteries  decreases,  the  farther  they  are  from  the  trunk 
bv  which  they  are  given  off.  Their  form,  however,  is  not  that  of  a 
cone,  they  are  rather  cylinders  arising  from  one  another,  and  de. 
•Creasing  successively  in  size.  As  the  branches  given  off  by  a  trunk, 
taken  collectively,  have  a  greater  diameter  than  that  of  the  trunk 
itself,  the  capacity  of  the  arterial  system  increases  with  the  dis- 
tance from  the  heart,  hence  it  follows,  that  as  the  blood  is  conti- 
nually flowing  from  a  straiter  to  a  wider  channel,  its  course  must 
slacken.  The  direction  of  the  arteries  is  often  tortuous,  and  it  is 
observed,  that  the  arteries  which  are  sent  to  hollow  viscera,  as  the 
stomach,  the  uterus  and  thebladder,  or  other  parts  capable  of  con- 
tracting, of  stretching,  and  of  changing  their  dimensions  every  mo- 
ment, as  the  lips,  are  much  the  most  curved,  no  doubt,  that  they  may 
by  unfolding,  give  way  to  the  extension  of  (he  tissues  into  which 
they  are  distributed.  Lastly,  the  arteries  arise  from  one  another, 
and  form  with  the  trunk  or  branch  from  which  they  are  given  off,  an 
angle  varying  in  size,  but  which  is  always  obtuse,  and  more  or  less 
acute  towards  the  branch. 

As  the  arteries  recede  from  their  origin,  they  communicate  to- 
gether, and  these  anastomoses  farm  arches,  two  branches  bending 
towards  each  other,  and  joining  at  their  extremities,  as  we  see  in 
the  vessels  of  the  mesentery ;  sometimes  two  parallel  bianches  meet 
at  an  acute  angle,  and  unite  into  one  trunk,  thus  the  two  verte- 
bral join  to  form  the  basilary  artery;  some  communicate  by" 
transverse  branches  which  pass  from  the  one  to  the  other,  as  is  seen 
within  the  skull. 

In  the  anastomoses  of  the  first  kind,  the  columns  of  blood  flowing, 
in  contrary  direction.';,  along  the  two  brandies,  meet  a.t  the  point 
of  union,  and  mutually  repel  each  other,  their  particles  mingle, 
and  lose  much  of  their  motion  in  that  reciprocal  shock.   The  blood 
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fhen  follows  a  middle  direction,  and  enters  the  branches  whicti 
arise  from  the  convexity  of  these  anastomotic  arches. 

When  two  branches  unite  to  produce  a  new  artery,  of  a  greater 
caliber  than  each  taken  separately,  but  not  so  large  as  both  toge- 
ther, the  motion  of  the  blood  becomes  accelerated,  because  it 
passes  from  a  more  capacious  into  a  straiter  channel,  and  the 
forces  which  determined  its  progression,  are  concentrated  into 
one.  Lastly,  the  transverse  anastomoses  are  well  calculated  to 
promote  the  passage  of  the  blond  from  the  one  branch  into  the 
other,  and  to  prevent  congestion  in  the  parts. 

LV«  Thearteries  areimbedded  in  a  certain  quantity  of  cellular  tis- 
sue,are  almost  universally  accompanied  by  corresponding  veins,  by 
Jymphaties  and  nerves,  and  their  coats  are  thicker  in  proportion  as 
their  caliber  is  smaller.  The  experiments  of  Clifton  Whitlringham 
prove,  that  the  parietes  are  stronger  in  the  small  than  in  the  large 
arteries,  hence  it  is  observed,  that  aneurisms  are  much  less  frequent 
in  the  former.  Their  parietes  have  sufficient  firmness  not  to  collapse, 
when  the  tube  of  the  artery  is  empty.  They  are  formed  of  three 
coats;  the  external  or  cellular  admits  of  considerable  extension, 
and  appears  to  be  formed  by  the  condensation  of  the  laminae  of  the 
cellular  tisssue  which  surrounds  the  artery  and  unites  it  to  the 
neighbouring  parts.  The  second  coat  is  thicker  and  firmer,  of  a 
yellow  colour,  and  fibrous,  and  is  by  some  considered  as  mus- 
cular* and  contractile,  while  other  physiologists  merely  allow  it  to 
possess  a  considerable  degree  of  elasticity.  The  longitudinal  fibres, 
admitted  by  some  authors  in  the  texture  of  this  second  coat,  cannor 
be  distinguished,  and  their  existence  is  not  necessary  to  account 
for  the  longitudinal  retraction  of  arteries.  In  fact,  this  retraction 
might  depend  on  elasticity,  it  might  likewise  be  occasioned  by  the. 
contraction  of  fibres  not  absolutely  circular  nor  longitudinal,  but 
spiral  and  imperfectly  surrounding  the  vessel,  and  crossing  each 
other,  in  various  directions.  This  yellow  coat,  thicker  in  propor- 
tion, in  the  smaller  arterial  twigs,  than  in  the  larger  branches. 

*  If  in  man  and  the  greater  numbpr  of  animals,  the  yellow  fibres  which  form 
(his  coat,  differ  greatly  from  muscular  fibres,  they  M  the  elephant  resemble  that 
texture  very  completely,  as  I  had  an  opportunity  of  observing,  when  I  wit- 
nessed the  dissection  of  the  elephant  that  died  in  the  year  X.  at  the  Museum  of 
Natural  History.  Let  men  of  judgment  decide,  whether  the  analogy  is  suffi- 
cient to  warrant  our  admitting,  iuthe  arteries  of  the  human  body,  the  existence 
hi  muscular  fibres. 
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and  thicker  in  these  than  in  the  trunks,  is  dry,  hard,  not  capable  of 
much  extension,  and  is  ruptured  by  an  effort  to  w  hich  the  external 
coat  yields  by  stretching.  Lastly,  a  third,  thin,  and  epidermoid 
coat  lines  the  inside  of  those  vessels,  and  seems  less  calculated  to 
give  strength  to  the  parietes  of  the  arteries,  than  to  facilitate  the 
flow  of  the  blood,  by  presenting  to  it  a  smooth,  even,  and  slippery 
surface,  continually  moistened  by  a  serous  exudation,  from  the 
minute  arteries,  or  vasa  vasorum  which  are  distributed  between 
these  coats. 

Besides  these  throe  coats,  the  great  arteries  receive  a  fourth 
from  the  membranes  lining  the  great  cavities  ;  thus,  the  pericar- 
dium and  the  pleura  in  the  chest,  the  peritoneum  in  the  abdomen, 
famish  to  the  different  parts  of  the  aorta,  an  adventitious  coat 
which  docs  not  completely  surround  the  vessel. 

Of  the  three  coats  which  form  the  parietes  of  the  arteries,  the 
fibrous,  though  thicker  than  the  other  two,  offers,  however,  the 
teast  resistance.  If  you  take  the  carotid  artery  which,  for  a  con- 
siderable space,  does  not  send  off  any  branches,  and  forcibly  inject 
into  it  a  fluid,  the  internal  and  middle  coat  will  be  torn,  before 
dilatation  has  increased,  by  one  half,  the  caliber  of  the  vessel. 
The  external  coat  resists  the  cause  of  rupture  by  dilating,  and 
forms  a  tumour,  and  it  is  only  by  applying  a  pretty  considerable 
force,  that  it  can  be  ruptured.  The  experiment  is  attended  with 
*he  same  success,  if  performed  with  air  or  any  other  gas.  In 
aneurism,  the  internal  and  fibrous  coats  of  the  arteries,  but  more 
particularly  the  fibrous  are  ruptured  at  an  early  stage  of  the  di- 
sease, which  at  that  period  increases  suddenly,  in  a  very  rapid  man. 
ner,  and  on  opening  the  tumour,  it  is  observed,  that  the  sac  is 
entirely  formed  by  the  dilated  cellular  coat.  Take  an  artery 
of  a  certain  caliber,  for  example,  the  carotid  or  humeral,  apply  a 
ligature  around  it  and  tighten  it  with  some  degree  of  force.  Dis- 
sect and  take  out  the  vessel,  then  cut  the  thread,  and  examine  the 
place  to  which  it  was  applied,  you  will  observe,  that  the  parietes 
of  the  artery,  are  in  that  part  thinner,  and  formed  merely  by  the 
cellular  coat  which  alone  has  withstood  the  constriction.  Take 
hold  of  the  two  ends  of  an  insulated  arterial  tube  and  stretch  it,  then 
examine  its  inner  coat,  and  you  will  find  it  torn  and  cracked  iu 
several  places,  and  the  parietes  of  the  artery  evidently  weakened* 

L  VI.  This  want  of  extensibility  iu  the  coats  of  arteries,  is  the 
principal  cause  of  aneurism  ;  hence  the  popliteal  artery  is  so  liable 
to  that  affection,  from  its  situation  behind  the  knee,  whose  ex* 
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tension  is  limited,  merely  by  the  resistance  of  the  posterior  tendons 
s.nd  ligaments ;  this  artery  is  affected  by  the  jar  which  takes  place 
through  all  the  soft  parts,  when  the  leg  is  violently  extended;  and 
being  less  extensible  than  the  other  parts,  its  inner  coat  is  rup- 
tured, or  at  least  weakened,  so  aa  to  occasion  an  aneurism,  always 
rapid  in  its  progress.  Of  ten  popliteal  aneurisms  which  I  have 
seen  in  different  hospitals,  eight  were  ascribed  to  a  violent  exten- 
sion of  the  ham.  In  looking  over  the  cases  that  have  been  re- 
corded, it  will  be  seen,  that  a  considerable  number  of  aneurisms 
of  the  aorta,  have  been  occasioned  by  too  forcible  and  too  sudden 
an  extension  of  the  trunk  in  raising  a  heavy  burthen. 

From  the  dryness,  the  frailty  of  the  yellow  or  fibrous  coat  of 
arteries,  the  application  of  ligatures  to  these  vessels  is  attended 
■with  a  speedy  laceration  of  their  tissue;  a  moderate  degree  of 
compression  is  sufficient  to  rupture  that  coat,  the  external  and  in- 
ternal remaining,  at  the  same  time,  uninjured  provided  the  con- 
striction be  not  excessive.  Why  is  the  arterial  tissue,  almost  the 
only  one  on  which  ligatures  require  to  be  applied,  the  least  fitted 
of  all  the  organic  tissues  to  bear  them?  This  inconvenience  attend, 
ing  the  ligature  of  arteries,  led  Pouteau  to  prefer  tying  arteries 
so  as  to  include  the  surrounding  soft  parts  within  the  ligature, 
though  this  process  is,  in  other  r.espects,  less  eligible.  The  objec- 
tions will  be  obviated,  by  employing  flat  ligatures,  which,  by  acting 
on  a  greater  surface  of  the  artery,  are  less  likely  to  divide  the 
coats  of  the  vessel  which  will  become  obliterated  at  the  spot  to 
"which  the  ligature  is  applied,  the  more  rapidly  as  the  patient  is 
younger  and  stronger. 

I  once  saw,  in  a  man  whose  thigh  was  amputated,  on  account  of 
caries  of  the  knee  joint  combined  with  a  scorbutic  affection,  hemor- 
rhage attend  the  fall  of  the  ligatures,  which  did  not  come  away 
till  nineteen  days  after  the  operation ;  as  if  the  fibrous  coat  of 
these  arteries,  partaking  in  the  debility  of  the  muscular  organs, 
had  not  preserved  a  sufficient  degree  of  contractile  power  to  close 
the  cavity  of  the  vessel. 

LVII.  The  contractile  power  of  the  arteiies  is  in  their  middle 
coat,  it  is  greater,  as  this  coat  is  thicker  in  proportion  to  the  cali- 
ber of  the  artery.  Hence,  as  Hunter  observes  in  his  work  on  the 
blood  and  inflammation,  the  larger  arteries  are  endowed  with  elas. 
ticity,  merely,  while  on  the  other  hand,  contractility  is  very 
apparent  in  those  of  a  smaller  caliber,  and  is  found  complete  in  thu 
capillary  vessels  :  hence,  in  the  trunks  near  the  heart,  the  pro- 
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jressioo  of  the  blood  is  effected,  chiefly  by  the  impulse  which  it 
receives  from  the  heart,  nnd  as  Lazarus  Riviere  observed,  the  cir* 
culation  of  the  blood  in  the  large  vessels,  is  more  an  hydraulic  than 
a  vital  phenomenon.  The  action  of  the  main  arterial  trunks,  near 
the  heart,  has  so  little  influence  on  the  motion  of  the  blood  sent 
into  them  by  that  organ,  that  the  aorta  is  frequently  ossified,  with- 
out affecting  the  circulation.  The  aorta  is  naturally  boncy  in  the 
sturgeon.  J.  L.  Petit,  in  the  case  of  a  bookseller  whose  leg  he 
had  taken  off,  found  all  the  arteries  of  a  certain  caliber,  in  a  state 
of  Ossification,  they  were  indurated,  and,  of  course,  incapable  of 
acting,  in  the  slightest  degree,  on  the  column  of  blood  which  flowed 
along  them.  All  these  facts  seem  conclusive  arguments  in  favour 
of  those  physiologists,  who  explain,  on  the  principle  of  elasticity, 
the  contraction  of  arteries.  But  however  correct  this  explanation 
may  be,  with  regard  to  the  vessels  near  the  heart,  it  does  not 
apply  to  the  capillaries ;  the  influence  of  that  organ  does  not 
operate  on  these  vessels.  One  may  easily  conceive,  that  the 
column  of  blood  which  by  the  impulse  it  has  received,  in  the  first 
instance,  has  been  sent  along  the  whole  length  of  tubes  whose 
sides  are  ossified,  inflexible,  and  consequently  iuert,  on  reaching 
the  extremity  of  these  canals,  is,  in  a  manner,  again  taken  up  by 
the  vital  power  residing  in  the  capillary  vessels,  and  circulates 
from  the  influence  of  the  action  belonging  to  these  vessels.  Besides, 
elasticity,  however  considerable,  merely  restores  those  tissues  that 
have  been  stretched,  to  the  condition  in  which  they  were  before 
extension. — Elasticity  is  a  kind  of  re-action,  proportionate  or 
relative  to  the  action  which  precedes  it.  Why  do  arteries  in  the 
living  body  contract,  to  such  a  degree,  that  when  empty,  their 
canal  becomes  obliterated,  while  in  the  dead  body,  however 
perfect  the  depletion  of  the  arterial  system  may  have  been,  the 
cavity  of  the  arteries  remains  perfectly  open.  Several  physiolo- 
gists, however,  and  those  among  the  most  modern,  consider  elas- 
ticity as  the  principal  cause  of  the  progression  of  the  blood  along 
the  arteries. 

As  the  distance  from  the  centre  increases,  the  circulation  slack- 
ens, from  several  causes,  and  the  blood  could  not  reach  all  the  parts 
of  the  body,  if  the  arteries,  whose  vitality  increases  with  their 
distance  from  the  heart,  and  as  they  become  smaller,  did  not  pro- 
pel it  to  all  the  organs.  The  causes  which  retard  the.  circula. 
tion  of  the  arterial  blood,  are,  the  increased  dimensions  of  the  spuce 
in  which  it  is  contained;— the  resistance  from  the  curves  of  the 
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vessels  j — the  friction  which  it  undergoes,  and  which  increases, 
at  a  distance  from  the  heart,  the  canals  along  which  it  circulates, 
increase  in  number ;  and  lastly,  the  deviations  which  the  blood 
meets  within  its  course,  from  the  trunks  into  the  branches,  which, 
coming  oft'  sometimes,  almost  at  right  angles,  divert  it  from  its 
■original  direction. 

Several  physiologists  have  called  in  question,  this  progressive 
slackening  of  the  flow  of  arterial  blood,  and  several  among 
them,  who  reject  entirely  the  application  of  the  physical  sciences 
to  that  of  the  animal  economy,  have,  nevertheless,  supported  their 
opinion  by  a  fact  taken  from  hydraulics.  To  give  any  certainty 
to  these  calculations,  respecting  the  impediments  to  the  circulation 
of  the  blood  in  the  arteries,  it  would,  they  say,  be  necessarv,  that 
the  arteries  should  be  empty  at  the  instant  when  they  receive  the 
jet  of  blood  sent  into  them  by  the  contraction  of  the  ventricles. 
This,  howevcr,isnot  the  case  ;  the  arteries  are  always  full,  the  blood 
flows  along  all  of  them  with  the  same  degree  of  velocity.  This 
system  of  vessels  may  be  compared  to  a  syringe,  from  which  a 
number  of  straight  and  tortuous  tubes  should  arise  ;  each  of  these 
would  throw  out  the  fluid  with  an  equal  degree  of  velocity,  on 
applying  pressure  to  the  piston. 

Iu  refuting  this  doctrine,  I  must  take  notice  of  the  manifest 
contradiction  of  pretending  to  exclude,  absolutely,  all  application 
of  the  principles  of  mechanics  to  physiology,  and  the  complete 
application  of  these  principles  to  the  phenomena  of  the  animal 
economy.  This  contradiction,  however,  is  not  more  surprising 
than  that  of  authors  who  exclaim  against  the  abuse  of  modern 
nomenclatures,  and  who,  nevertheless,  eagerly  embrace  every 
opportunity  of  adding  to  it,  by  assigning  new  names  to  such  parts 
as  may  have  escaped  the  attention  of  the  new  nomenclators. 
What  resemblance  is  there,  between  a  forcing  pump,  whose  sides 
are  unyielding,  as  well  as  those  of  the  tubes  which  might  arise  from 
it,  and  the  aorta  which  dilates  every  time  the  blood  is  sent  into  it ; 
and  again,  what  resemblance  is  there,  between  tubes  which  decrease 
■towards  their  open  extremities,  while  the  space  contained  in  the 
arterial  tube  constantly  enlarges,  from  the  innumerable  divisions  of 
the  vessels.  Since  it  is  admitted,  that  the  course  of  the  blood 
is  slower  in  the  capillary  vessels,  must  not  this  resistance,  opposed 
to  the  blood  which  fills  the  series  of  vessels  from  the  capillaries  to 
the  heart,  be  felt  more  at  a  greater  distance  from  that  organ,  kc.  ? 
Without  this  progressive  increase  of  resistance,  as  the  arterial 
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blood  is  at  a  greater  distance  from  the  heart,  tin's  fluid  would  flow 
along  the  arteries,  as  it  does  along  the  veins  without  any  pulsations  ; 
lor,  this  resistance,  which  causes  the  lateral  effort  of  dilatation 
effected  by  the  blood  on  the  parietes  of  the  arteries,  is  the  princi- 
pal cause  of  the  pulse,  which  belougs  only  to  that  set  of  vessels, 
A  very  remarkable  difference  is  observable,  between  the  blood 
which  is  sent  to  the  toes,  and  that  which  goes  to  the  mammas,  as  I 
have  several  times  noticed  in  removing  the  carious  bones  of  the 
toes,  or  in  extirpating  cancerous  breasts;  the  small  arteries  of 
these  parts  are  nearly  of  the  same  size,  but  the  jet  of  blood  is  much 
more  rapid,  the  blood  is  sent  to  a  much  greater  distance,  when  one 
of  the  mammary  arteries  is  divided. 

The  re-action  of  the  arteries  on  the  blood  which  dilates  them, 
depends  not  only  on  the  great  elasticity  of  their  parietes,  but  like- 
wise on  the  contractility  of  the  muscalar  coat.  Elasticity  has  a 
considerable  share  in  the  action  of  the  larger  trunks,  while  con- 
tractility is  almost  the  sole  agent,  in  producing  the  action  of  the 
minute  arteries.  If  a  finger  is  introduced  into  the  artery  of  a 
living  animal,  its  parietes  compress  it  in  every  direction  ;  if  the 
blood  is  prevented  from  flowing  in  it,  the  canal  becomes  obli- 
terated by  the  adhesion  of  its  parietes,  and  the  vessel  is  converted 
into  a  ligamentous  cord,  such  as  that  formed  in  the  adult,  by  tho 
remains  of  the  umbilical  arteries  and  veins.  This  contractility 
which,  during  life,  is  always  in  action,  keeps  the  arteries,  dis- 
tended by  the  blood  which  fills  them,  of  a  smaller  caliber,  thau  after 
death.  In  performing  capital  operations,  especially  in  the  ampu- 
tation of  limbs,  I  have  always  found  the  arteries,  whether  filled 
■with  blood  or  empty,  much  smaller  than  I  should  have  expected 
from  their  appearance  in  the  dead  body. 

It  happens,  however,  sometimes,  that  the  quantity  of  blood  sent 
to  an  organ  increases,  in  consequence  of  some  cause  of  irritation; 
the  caliber  of  the  arteries  of  the  part,  then  becomes  remarkably 
enlarged.  Thus,  the  arteries  of  the  uterus,  which  are  very. small 
in  its  unimpregnated  state,  acquire,  towards  the  end  of  pregnancy, 
a  caliber  equal  to  that  of  the  radial  artery :  the  small  arteries 
which  are  sent  to  the  mammae,  are  not  in  the  same  condition,  as  1 
have  had  an  opportunity  of  ascertaining  in  a  woman  who  had  been 
suckling  a  child  for  two  months  before  her  death;  they  retained 
their  almoit  capillary  minuteness,  which  would  seem  to  prove,  that 
tike  lymphatics  are  alone  concerned  in  bringing  to  these  glands  the 
materials  of  their  9ecretion.    The  mammary  aiteries  are  evidently 
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•tdargedin  opon  cancer  of  the  breast;  in  cantor  of  the  penis,  the 
blood  vessels  likewise  become  enlarged  ;  hence  in  removing  tlx. 
penis  for  that  affection,  it  is  absolutely  necessary  to  secure  the 
arteries  with  ligatures,  a  precaution  which  need  not  be  attended  to, 
in  a  case  of  gangrene.  Gangrene  is  attended  with  this  peculia- 
rity, that  the  arteries  of  the  mortified  parts  contract,  so  as  to  be- 
come obliterated,  when  their  caliber  is  inconsiderable. 

As  the  arteries  are  the  canals  which  convey  to  all  our  organs  the 
materials  of  growth  and  reparation,  they  are  larger,  in  proportion, 
in  children,  in  whom  nutrition  is  more  active,  and  their  caliber  is 
always  proportionate  to  the  natural  or  morbid  de i elopement  of 
organs:  hence  the  descending  aorta  and  the  iliac  arteries  are 
larger  in  women  than  in  men  ;  hence  the  right  subclavian  artery, 
which  conveys  blood  to  the  larger  and  more  powerful  of  the  two 
upper  extremities,  because  more  employed,  is  larger  than  the  left 
subclavian.    But  the  effect  should  not  be  mistaken  for  the  cause, 
and  it  should  not  be  imagined,  that  the  right  upper  extremity  owes 
its  superiority  to  the  greater  caliber  of  its  artery.    In  the  new 
born  child,  this  vessel  is  not  larger  than  the  left  subclavian;  but 
the  right  arm  being  more  frequently  employed,  the  distribution  of 
the  fluids  takes  place  more  favourably,  nutrition  is  carried  on  with 
more  energy,  it  acquires  more  bulk  and  strength,  and  therefore  the 
right  subclavian  artery  conveys  blood  to  it  by  a  wider  channel.  If 
the  left  upper  extremity  were  employed  in  the  same  manner,  and 
if  the  right  were  kept  in  a  state  of  inaction,  the  left  subclavian 
would,  no  doubt,  exceed  the  right.    I  am  warranted  by  two  facts, 
in  forming  this  conjecture.    In  dissecting  the  bodies  of  two  men 
that  were  left-handed,  I  observed  in  the  left  subclavian  arteries, 
Ihe  same  proportionate  enlargement  which  is  usually  met  with  in 
the  same  vessels  on  the  right  side. 

LVIIT.  As  the  arteries  are  always  full  during  life,  and  as  the 
blood  flows  along  them  with  less  velocity,  the  greater  their 
distance  from  the  heart,  the  blood  which  the  contractions  of  the 
left  ventricle  send  into  the  aorta,  meeting  the  column  of  blood 
already  in  that  vessel,  communicates  to  it  the  impulse  which  it 
lias  received;  but  retarded  in  its  direct  progression,  by  the  resis- 
tance of  that  column,  it  acts  against  the  parietes  of  the  vessels,  and 
removes  them  to  a  greater  distance  from  their  axis.  This  lateral 
action  which  dilates  the  arteries,  depends,  therefore,  on  the  resis- 
tance of  the  parietes  of  these  cavities,  always  filled  with  blood,  to 
that  which  the  heart  sends  into  them.    This  dilatation,  which  is 
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fnoro  tonsiderablc  in  the  large  arteries  than  in  the  smaller  one>> 
manifests  itself  by  a  beat,  known  under  the  name  of  pulse.  The 
experiments  of  Lamure  would  lead  oue  to  believe,  that  another 
cause  of  this  phenomenon  is  a  slight  displacement  of  the  arteries, 
everv  time  they  dilate.  These  displacements  are  most  easily  ob- 
served at  their  curvatures,  and  where  they  adhere  to  surrounding 
parts,  by  a  loose  and  yielding  cellular  tissue. 

The  pulse  is  more  frequent  in  women,  in  children,  in  persons  of 
small  stature,  during  the  influence  of  the  passions,  and  under  vio- 
lent bodily  exercise,  than  in  an  adult  man,  of  high  stature,  and  of 
a  calm,  physical  and  moral  nature.  At  an  early  period  of  life, 
the  pulse  beats  as  often  as  a  hundred  and  forty  times  in  a  minute. 
Jiut  as  the  child  gets  older,  the  motion  of  the  circulation  slackens, 
and  at  two  years  old,  the  pulse  beats  only  a  hundred  times,  in  the 
same  space  of  timp.  At  the  age  of  puberty,  the  boats  of  the 
pulse  are  about  eighty  in  a  minute  ;  in  manhood,  seventy  five,  and 
lastly,  in  old  men  of  sixty,  the  pulse  is  not  above  sixty.  It  is  slower 
in  the  inhabitants  of  cold,  than  in  those  of  warm  climates. 

Since  the  time  of  Galen,  the  pulse  has  furnished  physicians  with 
one  of  their  principal  sources  of  diagnosis.  The  force,  the  regu- 
larity, the  equality  of  its  pulsations,  opposed  to  their  weakness,  in- 
equality, irregularity,  and  ititermittence,  afford  the  means  of 
judging  of  the  nature  and  danger  of  a  disease,  of  the  power  of 
nature  in  bringing  about  a  cure,  of  the  organ  that  is  most  affected, 
of  the  time  or  period  of  the  complaint,  &c.  No  one  has  been  more 
successful  than  Bordeu,  in  the  consideration  of  the  pulse,  under 
these  different  points  of  view.  Its  modifications  indicative  of  the 
periods  of  diseases,  establish,  according  to  that  celebrated  physi- 
cian, as  maybe  seen  in  his  Recherches  sur  le  pouls  par  rapport 
aux  crises,  the  pulse  of  crudity,  of  irritation,  and  of  concoction. 
Certain  general  characters  indicate,  whether  the  affection  is  si- 
tuated above  or  below  the  diaphragm,  hence  the  distinction  of 
xuperior  and  inferior  pulse.  Lastly,  peculiar  characters  denote 
the  lesion  of  peculiar  organs;  which  constitutes  the  nasal,  guttural, 
pectoral,  stomachic,  hepatic,  intestinal,  renal,  uterine,  &c. 

Besides  these  sensible  beats,  which  constitute  the  phenomenon 
of  the  pulse  in  the  arteries,  theie  is  an  inward  and  obscure  pulsa- 
tory motion,  by  which  all  the  parts  of  the  body  are  agitated, 
every  time  that  the  ventricles  of  the  heart  contract.  There  is  a 
kind  of  antagonism  between  the  heart  and  the  other  organs,  they 
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tfcld  to  thrt  impulse  which  it  gives  to  the  blood,  dilate  on  re- 
ceiving this  fluid,  and  collapse  when  the  effort  of  contraction  is 
over.  Evcr>  part  vibrates,  trembles,  and  palpitates  within  tho 
body,  the  motions  of  the  heart  shake  its  whole  mass,  and  thete 
quiverings,  which  may  be  observed  externally,  are  most  manifest 
■when  the  circulation  is  carried  ou  with  rapidity  and  force.  In 
some  head  aches,  the  internal  carotid  arteries  pulsate  with  such 
violence,  that  not  only  the  ear  is  seusible  to  the  noise  made  by  the 
column  of  blood  striking  against  the  curvature  of  the  osseous 
canal,  but  the  head  is  evidently  moved  and  raised,  as  it  were,  at 
each  pulsation.  If  you  look  at  your  hand  or  foot,  when  the 
upper  or  lower  extremity  is  quiescent  and  pendulous,  you  will 
observe  tn  it,  a  slight  motion  corresponding  to  the  beats  of  the 
heart.  This  motion  increases,  and  even  makes  the  hand  shake, 
•when,  from  the  influence  of  the  passions,  or  from  violent  exercise, 
the  circulation  is  accelerated;  in  every  violent  emotion,  we  feel, 
Av  ithin  ourselves,  the  effort  by  which  the  blood,  at  each  beat  of  the 
pulse,  penetrates  into  our  organs  and  fills  every  tissue.  And  it  if, 
in  a  great  measure,  from  this  inward  tact,  that  we  are  conscious  of 
existence.  A  consciousness  the  more  lively  and  distinct,  as  the 
effect  of  which  we  are  speaking,  is  more  marked.  It  is,  likew  ise, 
from  observing  this  phenomenon,  that  several  physiologists  have 
been  led  to  conceive  the  idea  of  a  double  motion,  which  dilates  or 
condenses,  which  contracts  or  expands,  alternately,  all  organs 
endowed  w  sth  life  ;  they  have  observed,  that  dilatation  prevails  in 
youth,  in  inflammation  and  erection,  conditions  of  w  hich  all  parts 
are  capable,  according  to  their  difference  of  structure. 

LIX.  At  the  moment  when  the  left  ventricle  contracts,  to  send 
the  blood  into  the  aorta,  the  sigmoid  valves  of  that  artery  rise, 
and  appry  themselves  to  its  parietes,  without,  nevertheless, 
closing  the  orifices  of  the  coronary  arteries,  which  lie  above  the 
loose  edges  of  the  valves;  so  that  the  blood  is  received  into  these 
vessels,  at  the.  same  time  as  into  the  others.  When  the  contraction 
of  the  ventricle  is  over,  the  aorta  acts  on  the  blood  which  it 
contains,  and  would  send  it  back  into  the  ventricle,  if  the  valves, 
by  suddenly  descending,  diti  not  present  an  insaperable  obstacle 
to  the  return  of  the  blood,  and  did  nc-t  yield  a  point  of  resistance 
to  the  action  of  the  whole  arterial  system  ;  only  the  small  quantity 
of  blood  below  the  valves,  at  the  moment  of  their  descending, 
flows  back  towards  the  heart,  and  returns  into  the  ventricle. 
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Though  the  rate  at  which  the  blood  flows  along  the  aorta,  has 
been  estimated  at  only  about  eight  inches  in  a  second,  a  .pulsation 
is  felt  in  all  the  arteries  of  a  certain  caliber,  at  the  instant  the  ven. 
pad**  are  contracting.  The  reason  that  the  pulsations  of  the 
bmrt  appear  to  take  place,  at  the  same  time  as  those  of  the  arter 
ries,  is,  that  the  columns  of  blood,  in  these  vessels,  receive  an 
impulse  from  that  which  is  issuing  from  the  ventricle?,  and  this 
ppqeussion  is  feltiu  instant  of  time,  too  short  to  be  measured, 
such  as  that  which  }s  felt  by  the  hand  applied  to  the  end  of  a  piece 
of  timber  struck,  at  the  other  end,  with  a  hammer.  The  blood 
which  fills  a  main  trunk,  supplies  to  each  of  the  branches  which 
arise  from  it,  columns  proportionate  to  their  caliber.  This  divi- 
vision  of  the  principal  column  is  effected,  by  a  kind  of  projection 
at  the  mouth  of  each  artery.  These  internal  projections  detach  from 
the  main  stream,  the  lesser  ones,  and  these  flow  the  more  readily 
into  the  branches,  according  as  these  arise  from  the  trunk,  at  a  more 
acute  angle,  as  the  projection  ;s  more  prominent  and  the  deviation 
of  the  fluid  less  considerable.  If  the  branches  are  given  off,  at  an 
almost  right  angle,  the  orifices  of  the  arteries  scarcely  project, 
at  all,  and  nothing  but  the  effort  of  lateral  pressure  determines 
the  flow  of  the  blood  into  them.  ^ 

The  flow  of  the  blood  into  the  arteries  which  are  distributed  to 
muscles,  is  not  interrupted,  when  these  muscles  contract,  for. 
whenever  arteries,  of  a  certain  caliber,  penetrate  into  muscles,  they 
are  surrounded  hy  a  tendinous  ring,  which,  during  the  contraction 
of  the  muscle,  becomes  enlarged,  from  the  extension  in  every 
direction,  effected  by  the  fibres  which  are  attached  to  it. 
Around  its  circumference.  The  existence  of  this  truly  admira- 
ble conformation,  may  be  readily  ascertained,  by  observing 
the  aorta,  in  its  passage  through  the  crura  of  the  diaphragm; 
the  perforating  arteries  of  the  thigh,  where  they  enter  at  the 
back  part  of  the  limb  into  the  adductor  muscles,  the.  popli- 
teal, as  it  passes  through  the  upper  extremity  of  the  soleus 
muscle. 

LX.  Of  the  capillary  vessels.  The  arteries,  nfttr  dividing 
into  branches,  these  branches  into  lesser  ones,  and  these  into  pro- 
gressively smaller  ramifications,  terminate  in  the  tissue  of  our 
organs,  by  becoming  continuous  with  the  veins.  The  venous 
system  arises,  therefore,  from  the  arterial  system,  the  origins  of 
the  veins  being  merely  the  more  minute  extremities  of  the  arteries. 
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which  becoming  capillary  from  the  great  number  of  divbion- 
they  have  undergone,  bend  in  an  opposite  direction  and  become 
altered  in  their  structure. 

These  minute  capillary  arteries  form  with  tlie  minute  veins,  with 
•which  they  are  continuous,  and  with  the  lymphatics,  wonderful 
meshes  in  the  tissue  of  our  organs. 

Several  physiologists  consider  the  capillary  blood  vessels,  as 
an  intermediate  system  between  the  arteries  and  veins,  in  which 
the  blood,  entirely  out  of  the  influence  of  th«  action  of  the  heart, 
flows  slowly,  with  an  oscillatory  and  sometimes  retrograde  motion, 
is  no  longer  red,  because  its  globules  are  strained,  as  it  were,  and, 
in  a  manner,  lost  in  a  colourless  serum,  which  serves  them  as  a 
vehicle.  N  .  i  . 

It  is,  in  fact,  necessary,  that  bodies  should  be  of  a  certain  bulk, 
to  rellectthe  rays  of  light  at  an  angle  sufficiently  obtuse,  that  th» 
eye  may  discover  their  colour.  We  know,  that  grains  of  sand 
reduced  to  a  very  fine  dust,  appear  colourless,  when  examined  se- 
parately, and  are  seen  to  possess  colour,  onlv  whtn  in  a  state  of 
aggregation:  further,  very  thin  laminae  of  a  horny  substance,  ap- 
pear transparent,  though  the  part  from  which  they  have  been  de- 
tached, be  of  a  red  or  blue  colour.  But  if  several  of  these  trans, 
parent  laminae  be  laid  on  one  another,  the  red  colour  becomes 
darker,  in  proportion  as  a  greater  number  are  brought  to? 
gether. 

Let  irritation,  from  whatever  cause,  determine  the  blood  to  flow 
into  the  serous  capillary  vessels,  in  greater  quantity,  and  with 
more  force,  these  vessels  will  become  apparent,  'the  organs  in 
vhose  structure' they  circulate,  will  acquire' a  red  colour,  more 
orlt-ss  deep  ;  thus  the  conjunctiva,  the  pleura,  4he'  peritoneum,  the 
cartilages,  the  ligaments,  &c.  which,  uatuiaHy,  are  whitish  or 
transparent,  become  red,  when  affected  with  inllammation,  whe- 
ther from  the  increased  impetus  of  the  circulation,  which  forces 
and  accumulates  into  the  capillary  vessels,  a  greater  number  of  red 
globules,  or  that  the  sensibility  of  these  small  vessels  is  impaired 
by  inflammation,  so  that  they  admit  globules  which  thry  formerly 
rejected. 

*  The  arterial  division!  which  may  he  discerned  by  the  aid  of  anatomy,  d*> 
not  exceed  eighteen  or  twenty  ;  nevertheless,  tiiey  divide  still  further,  when 
they  are  become  so  minute  as  not  to  be  di.-cernible  \»  ith  the  help  of  the  most 
powerful  rnicroscop?. 
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Some  capillary  Yesssols  transmit  blood,  at  all  times,  and  un'h 
formly  exhibit  a  red  colour;  this  is  the  case  with  the  capillary 
vessels  of  the  spleen,  of  the  corpora  cavernosa  of  the  penis,  of  the 
bulb  and  corpus  spuugiosura  of  the  urethra  ;  the  same  applies  to 
the  capillaries  of  the  muscles, of  the  mucous  membranes,  there  are, 
however,  very  few  of  those  organs,  in  which  the  whole  portion  of 
the  capillary  tube,  between  the  termination  of  the  artery  and  the 
origin  of  the  vein,  is  filled  with  red  blood.  There-  is,  almost 
always,  a  division  in  the  tortuous  line  described  by  the  capil- 
lary, and  within  this  space,  the  blood  canuot  be  detected  of  its 
usual  colour. 

The  number  of  the  capillary  vessels;  as  well  as  that  of  the  arte- 
ries, to  which  the  former  are  as  auxiliaries,  is  much  more  conside- 
rable in  the  secretory  organs,  than  in  those  in  which  life  carries 
on  only  the  process  of  nutrition.    It  is  on  that  account,  that  the 
bones,  the  tendons,  the  ligaments,  the  cartilages,  contain  so  much 
smaller  a  quantity  of  blood,  than  the  mucous  and  serous  mem- 
branes, and  the  skin.    The  capillary  vessels  are,  however,  very 
numerous,  in  the  muscles,  which  owe  that  colour  to  the  great 
quantity  of  blood  they  contain,  but  as  we  shall  point  out,  when 
■w  e  come  to  speak  of  motion,  this  lluid  appears  to  form  an  essential 
element  in  muscular  contraction;  it  is,  therefore,  not  to  be  won- 
dered, that  these  organs  should  have  a  greater  number  of  capillary 
vessels  sent  to  them:  since  these  vessels  do  not  supply  them 
merely  with  molecules  to  carry  on  nutrition  and  to  repair  the  waste 
of  the  part,  but  impart  to  them  the  principle  of  their  frequent 
contraction:  the  quantity  of  them  is  so  considerable,  in  all  these 
parts,  employed  in  the  two  fold  offices  of  nutrition  and  secretion, 
that  Ruysch  penetrated,  with  his  injections,  the  whole  thickness  of 
their  substance,  to  such  a  degree,  that  the  organs  which  he  had 
prepared,  were  only  a  wonderful  and  inextricable  network  of  ca- 
pHlary  vessels  extremely  minute.    On  these  anatomical  prepara- 
tions, made  with  an  art  hitherto  unrivalled,  Ruysch  grounded  his 
hypothesis  relative  to  the  intimate  structure  of  the  body,  in  which,  an. 
he  imagined,  all  was  capillary  tubes,  a  hypothesis  which  lias  obtained 
the  most  favourable  reception,  and  has  reigned,  during  more  than 
a  century,  in  the  schools.    It  is  enough  to  rellect  a  moment  on 
their  uses,  to  conceive  that  the  number  of  thammust  be  really  pro- 
digious.   As  long  as  the  blood  is  enclosed  w  ithin  the  arteries,  and 
Ilows  und'ir  the  controul  of  the  heart,  it  fulfills  no  purpose  either 
of  nutrition  or  secretion,'   To  make  it  subservient  to  these  great 
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functions,  it  must  be  diffused  through  the  very  tissue  of  the  organs, 
by  means  of  the  capillary  divisions;  these  little  vessels  exist  then, 
in  every  part,  where  any  organized  molecules  are  found  united; 
since  the  particle  formed  by  their  assemblage,  must,  at  least,  find, 
in  the  juices  which  they  bring  to  it,  the  materials  of  its  repa- 
ration. Entering,  in  greater  or  less  proportion,  into  the  organi- 
zation of  all  the  tissues,  the  capillaries  receive  certain  moditica. 
tions  from  the  organs  of  which  they  are  an  integral  part :  modifica- 
tions which  enable  them  to  deposit  the  serous  part  of  (he  blood  on 
the  surface  of  the  serous  membranes,  admit  the  transudation  of  the 
fat  into  the  cells  of  the  cellular  tissue,  furnish  the  urine  to  ti  c 
kidneys,  and  the  liver  with  the  materials  of  the  bile:  in  a  word, 
suffer  to  escape,  through  the  porosities  with  which  their  paiieles 
are  pierced,  the  principles  which  the  bjood  has  to  furnish  to  every 
organ. 

It  is  by  these  lateral  porosities,  and  not  by  extremities  open  or, 
all  the  surfaces,  and  in  all  the  points  of  the  organs,  that  the  capil- 
laries transpire,  in  some  sort,  the  elements  of  nutrition,  and  of  the 
various  secretions.  Mascagni  was  aware,  that  Nature,  skilful  in 
deducing  many  effects  from  few  causes,  has  not  deviated,  in  th-p 
construction  of  the  system  of  circulation,  from  the  invariable  lau 
of  her  ordinary  simplicity:  but  the  lateral  pores  of  the  capillaru 
which  are  sufficient  for  the  explanation  of  all  the  phenomena 
ascribed  to  the  exhaling  mouths  of  the  arteries,  and  to  the  pre- 
tended continuity  of  these  vessels  with  the  excretory  ducts  pf  the 
organs,  &c.  are  not  openings  like  the  pores  common  to  all  matter ; 
each  of  them  may  be  considered  as  an  orifice,  sensible,  and,  espe- 
cially, contractile,  of  differing  size,  according  to  the  state  of  the. 
strength  or  of  the  vital  powers.  The  size  then  of  these  capillary 
pores  is  subject  to  frequent  variations ;  and  this  is  the  explana- 
tion given  of  the  formation  of  scorbutic  ecchymoses,  of  petechia?, 
of  passive  or  relaxed  hemorrhages.  In  all  these  affections,  con- 
tractility being  really  diminished,  the  pores  of  the  capillaries  en- 
lirge,  and  suffer  the  red  blood  to  transude  through  their  relaxed 
mouths.  This  phenomenon  takes  place,  not  only  under  the  skin 
and  on  the  various  mucous  surfaces,  it  is  observed  also  in  the  very 
tissue  of  the  organs.  It  is  thus,  that  I  have  often  seen,  on  open- 
ing the  bodies  of  those  that  had  died  of  scurvy,  in  its  last  stage, 
the  muscles  of  the  leg  filled  with  blood.  This  sort  of  interior 
hemorrhage,  converts  the  muscles  into  a  kind  of  pulp  ;  and  the 
cxtravased  blood  itself  undergoes  a  beginning  of  decomposition. 
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The  bones  themselves  are  liable  to  these  scorbutic  bloody  infiltra- 
tions. I  had  an  opportunity  of  ascertaining  this  in  the  Hospital 
of  St.  Louis,  at  the  same  time  that  I  learnt  the  difficulty  of  pro- 
curing a  durable  skeleton  from  such  bodies.  The  greatest  number 
die,  in  a  very  advanced  stage  of  the  disease,  and  the  bones  dissolve 
in  maceration,  or  rot  in  a  -very  little  time. 

The  capillary  vessels,  whether  the  blood  flow  through  them  red, 
or  colourless,  are  not  a  system  of  vessels  distinct  from  that  of  the 
arteries,  and  from  that  of  the  veins ;  they  belong  essentially  to 
these  two  orders  of  vessels.  Those  which,  ramifyiug  in  the  tissue 
of  the  skin,  or  of  the  serous  membranes,  suffer  the  serum  of  the 
blood  to  transude,  are  not  more  entitled  to  the  name  ofexhalant 
system,  which  some  authors  have  given  them.  To  consider  as 
distinct  and  insulated  systems,  separate  parts  of  a  system  of  organs, 
is  to  encumber  science  with  a  crowd  of  divisions,  as  false  as  they 
are  useless. 

LXI.  The  sanguineous  capillaries  anastomose,  and  form,  like 
the  lymphatic  capillaries,  a  net  work  that  envelopes  all  the  organs. 
Their  frequent  communications  do  not  allow  obstructions  to  take 
place  and  to  produce  inflammation,  as  Boerhave  thought,  and  as  was 
long  taught,  on  the  authority  of  that  celebrated  physician.  Haller, 
Spallanzaui,  all  the  microscopic  observers,  have  perceived  threads 
of  blood  flowing  in  the  capillaries,  offering  themselves  at  the  vari- 
ous inosculations  of  these  vessels,  and  have  seen  them  flow  back, 
when  they  were  not  admitted,  to  seek  other  easier  entrances. 

I  will  not  heap  up,  in  this  place,  superfluous  arguments  against 
ti  e  theory  of  the  Leyden  professor,  rejected  at  its  birth  by  the 
physicians  of  Montpellier,  absolutely  refuted,  and  now  universally 
given  up.  irritation  alone  keeps  the  blood  in  the  inflamed  part; 
for,  when  death,  which  puts  an  end  to  all  irritations,  and  relaxes 
all  spasms,  (mors  spasmot,  solvit.  Hipp.)  When  I  say,  death 
comes  on,  all  slight  inflammations  are  dissipated,  and  whenever 
they  have  not  been  iufliciently  inteuse,  to  induce  transudation  of  the 
blood  through  the  parietes  of  the  capillaries,  into  the  areola  of  the 
organic  tissues,  the  blood  flows  back  into  the  large  vessels,  and 
there  i3  no  trace  of  it  left.  It  is  thus,  that  erysipelas  of  the  skin 
disappears,  that  the  pleura  preserves  its  transparency,  in  individu- 
al! affected,  before  death,  with  sharp  pains  in  the  side,  if  to  this, 
we  add  our  ignorance  on  the  real  organization  of  the  nervous 
.•)  fern,  on  the  conditions  absolutely  required  of  the  brain  and 
turves,  for  the  maintenance  of  life,  we  shall  cease  to  be  surprised, 
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that  the  opening  of  bodies  has  taught  us  r.o  more  on  the  real  seat 
of  disease,  and  w«  shall  confess  with  Morgagni,  who  however  em- 
ployed,  with  great  success,  this  means  of  improving  theart  of  heal- 
ing, that  there  are  numberless  diseases,  of  which,  after  death,  no 
trace  is  left,  and  fox  the  fatal  termination  of  which,  we  are  unable 
to  account. 

Contractility  and  sensibility  exist,  in  a  much  higher  degree,  in 
the  capillary  and  serous  vessels,  than  in  the  veins  and  arteries. 
Life  must  needs  be  more  active  in  the  former,  for;  the  motion  giveu 
to  the  blood  by  the  contractions  of  the  heart,  being  exhausted, 
this  fluid,  no  longer  in  the  sphere  of  action  of  that  organ,  can  circu- 
late, but  from  the  influence  of  the  action  of  the  vessels  themselves. 

The  termination  of  the  arteries  into  veins,  is  the  only  well 
ascertained  termination  of  those  vessels ;  it  may  be  seen  by  the 
help  of  the  microscope,  in  cold-blooded  animals,  in  frogs  and  sa- 
lamanders. In  some  fish,  we  may,  even  with  the  naked  eye,  ob- 
serve frequent  and  considerable  inosculations,  between  the  arte- 
ries and  veins.  Jn  man,  however,  and  in  other  warm-blooded 
animals,  these  communications  take  place,  only  at  the  extremities 
of  the  two  systems  of  vessels.  In  this  case,  the  arteries  terminate, 
sometimes,  in  capillary  vessels  carrying  serous  fluid,  such  are  the 
vessels  of  the  sclerotic  coat ;  these  vessels  become  small  veins 
-whose  caliber  gradually  increases,  until  they  admit  red  globules  in 
sufficient  number  to  reflect  that  colour.  At  other  times,  the 
artery  and  vein  are  continuous,  without  the  intervention  of  that 
extremely  minute  subdivision  ;  the  red  blood  then  passes  readily 
and  immediately  from  the  artery  into  the  vein. 

It  will  be  shewn,  in  speaking  of  secretions,  that  the  continuation 
of  the  arteries  into  the  excretory  ducts  of  the  conglomerate  glands, 
and  their  termination  in  exhaling  orifices,  cannot  be  admitted,  at:d 
that  the  presence  of  small  pores,  in  the  sides  of  the  minute  arteries 
and  veins,  would  afford  an  explanation  of  the  phenomena  on 
which  the  belief  of  this  termination  of  the  arteries  rests.  There 
exists  no  parenchyma,  no  spungy  tissue,  between  the  extremities  of 
the  arteries  and  the  origin  of  the  veins,  with,  perhaps,  the  exception- 
of  the  substance  of  the  cavernoHS  bodies  ©f  the  penis  and  of  the 
clitoris,  of  the  bulb  and  spungy  part  of  the  urethra,  the  retiforrn 
plexus,  which  surrounds  the  orifice  of  the  vagina,  and  perhaps  also 
the  tissue  of  the  spleen,  though  the  experiments  of  anatomists 
(Mascagni  and  Lobstein)  seem  to  prove,  that  in  these  organs,  the 
arteries  and  veins  are  immediately  continuous. 
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LXU.    0/  the  action  of  the  veint.     Those  vessels,  whose 
inaction  it  is  to  curry  back  to  the  heart,  the  blood  which  the  ar- 
teries have  sent  to  all  the  organs,  are  much  more  numerous  than 
the  arteries  themselves.    It  is  observed,  in  fact,  that  arteries  of  a 
middle  size,  as  those  of  the  leg  and  fore-arm,  have  each  tw  o  cor- 
responding veins,  whose  caliber,  at  least  equals  theirs,  and  that 
there  is  besides,  a  set  of  superlicial  veins,  lying  between  the  skin 
which  covers  the  limbs  and  the  aponeuroses  which  envelop  the 
muscles;  these  have  no  corresponding  arteries.    The  space  which 
the  venous  blood  occupies  is,  therefore,  much  greater  than  that 
taken  up  by  the  blood  in  the  arteries.    Hence  also,  it  is  estimated, 
that  of  twenty-eight  or  thirty  pounds  of  this  fluid,  making  about 
a  fifth  part  of  the  whole  weight  of  the  body  in  an  adult  man,  nine 
parts  are  present  in  the  veins,  and  only  four  in  the  arteries.    In  this 
calculation, one  should  consider  as  arterial,  the  blood  contained  in 
the  pulmonary  veins  and  in  the  left  cavities  of  the  heart,  while  that 
which  fills  the  cavities  in  the  right  side  of  the  heartand  the  pul- 
monary artery,  is  truly  venous, and  has  every  character  of  such  blood. 
Although  the  veins  generally  accompany  the  arteries,  awd  are 
united  to  them,  by  a  common  sheath  of  cellular  membrane,  this 
disposition  of  parts  is  not  without  exceptions.    The  veins  which 
bring. back  the  blood  from  the  liver,  do  not,  in  any  respect,  follow 
the  course  of  the  branches  of  the  hepatic  artery  5  the  sinuses  of 
the  brain  arc  very  different,  in  their  arrangement,  from  the  cerebral 
arteries;  the  vein's  of  the  bones,- which  are  particularly  numerous, 
and  of  a  much  greater  caliber  than  the  arteries  of  the  same  parts, 
from  the  slow  circulation  of  the  blood  along  them,  do  not  gene- 
rally follow  the  direction  of  the  arteries',  and  arise  singly  from  tho 
sabstance  of  the  bone,  with  the  exception  $f  those  in  the  middle 
canal,  and  which  pass  through  the  nutritious  foramen  of  the  bone. 
The  veins  are  not  only  more- numerous  than  the  arteries,  but  they 
are  likewise  more  capacious,  and  dilate  more  readily,  this  struc-v 
ture  was  necessary,  on  account  of  the  slowness  with  which,  the 
blood  circulates,  and  of  the  readiness  with  which  it  staguates^uhen. 
The  slightest  obstacle  impedes  its  circulation.*    The  force  which 
carries  on  the  circulation"  of  the  blood,  along  the  aFteries,  is  so 
great,  that  Nature  seems  not  to  have  availed  herself  of  the  mecha- 
nical advantages  which  might  have  facilitated  Us  flow.    On  the 

*  The  arteries  contain,  at  all  limes,  nearly  the  same  quantity  of  hi 001).  The 
teiiw  are  always  the  seat  of  plethora,  because  the  hlood  stagnates  in  them  more 
Readily  -  and  this  condition  bring--  on  inflammatory  fever  (.consisting  merely  ix. 
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other  hand,  the  poweT  which  determines  the  progression  of  tii? 
venous  blood  is  so  feeble,  that  she  has  sedulously  removed  every 
obstacle  which  might  have  impeded  its  course.  And  as  the  rela- 
tion of  the  minute  to  the  larger  branches,  of  these  to  the  trunk, 
is  the  same  as  in  the  arteries,  two  brandies  unite  to  form  a  veiq 
of  greater  caliber  than  each  separate  vessel,  but  smaller  than  the 
two  taken  together,  the  blood  Hows  along  a  space  which  becom< 
narrower,  the  nearer  it  approaches  the  heart;  the  rapidity  of  its 
course,  must,  thci ofore,  be  progressively  increased. 

Tha  vcini  are  almost  straight  in  their  course  ;  at  least,  they  are 
much  less  tortuous  than  the  arteries.    The  force  which  makes  tho 
blood  How  along  them,  is  consequently  not  taken  up  in  straigten- 
ing  these  curves ;  the  anastomoses  are,  likewise,  more  frequent, 
and,  as  the  flow  of  the  blood  might  have  been  intercepted  in  tho 
deep  seated  veins  of  the  limbs,  when  the  muscles,  among  which 
these  vessels  lie,  during  contraction,  compress  them  by  their  en- 
largement and  induration,  they  communicate  freely  with  the  super- 
ficial veins,  towards  which  the  blood  is  carried,  and  Hows  the  more 
readily,  as  they  are  not  liable  to  be  compressed.    It  is  observed, 
and  is  to  be  accounted  for  on  the  same  principle,  that  the  super- 
ficial veins  are  very  large  and  distinct  among  the  lower  orders  who 
are  employed  in  laborious  occupations,  requiring  an  almost  cor.ti. 
rual  exertion  of  then  limbs.    Lastly,  the  internal  part  of  the  veins, 
like  that  of  the  lymphatics,   is  furnished  with  valvular  foldsr 
formed  by  the  duplicature  of  their  epidermoid  coat.    These  valves, 
which  are  seldom  single,  and  almost  always  in  pairs,  are  not  found 
in  the  minute  veins,  nor  in  the  great  trunks,  nor  in  the  veins 
Which  bring  back  the  blood  from  the  viscera  in  the  great  cavities. 
These  valves,  in  falling,  close  completely  the  canal  of  the  vessel, 
destroy  the  continuity  of  the  column  of  blood  returning  to  the 
heart,  divide  it  into  smaller  columns,  as  numerous  as  the  intervals 
between  the  valves and  the  height  of  which  is  determined  by  the 
distance  between  these  folds.    So   that  the  power  which  car- 
ries onward  the  venous  blood,  and  which  would  be  incapable  of 
propelling  the  whole  mass,  acts  advantageously  on  each  of  the 
small  portions  into  which  it  is  divided.  1 

an  increased  action  of  the  vasculir  f  ystcms  as  is  expressed  by  the  term  angeiote- 
Mgns  applied  to  it  by  Professor  Pintl)  only  when  the  venous  congestion  becoming 
*\xce5sive,  the  blood  passes  with  difficulty  from  the  nrteiifs  into  the  veins.  The 
iirart  and  the  arteriss  then  stru^le,  with  cortsidcrable  Bflbft',  t*  rid  themsdns, 
<cf  the  finid  which  oppresses  them,  &r. 
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LXIIf.  It  has  been  thought,  that  the  principal  cause  which 
make*  the  blood  How  into  the  reins,  is  the  combined  action  of  the 
heart  and  arteries;  but  the  impulse  from  those  organ3,  is  lost  in  the 
system  of  capilary  vessels,  arid  does  not  extend  to  the  veins.  The 
specilic  action  of  their  own  parietes,  aided  by  auxiliary  means, 
such  as  the  motion  of  the  neighbouring  arteries,  is  sufficient  to 
carry  the  blood  on  to  the  heart. 

These  narietes.  which  are  much  thinner  than  those  of  the  arte- 
ries, are  contained,  like  theirs,  in  a  Sfi oath  common  to  all  the  ves- 
sels. Three  coats,  likewise,  enter  into  their  structure  ;  the  middle 
or  fibrous  coat  is  not  very  distinct,  and  consists  merely  of  a  few 
longitudinal  reddish  fibres,  which  can  be  distinguished  only  in  the 
larger  veins,  near  the  heart.  In  some  of  the  larger  quadrupeds,  as 
in  the  ox.  these  fibres  form"  distinct  fasciculi,  and  their  muscularity 
is  much  more  manifest. 

The  internal  coat,  which  is  more  extensible  than  that  of  the  ar- 
teries and  equally  thin,  adheres  more  closely  to  the  other  coats. 
The  cellular  coat,  which  connects  it  to  the  middle  one,  is  less 
abundant,  hence  phosphate  of  lime  is  seldom  deposited  into  it,  as 
happens  to  the  arteries  whioh  frequently  become  ossified,  as  we 
advance  in  years.  This  internal  coat  is  merely  a  continuation  of 
that  which  lines  the  cavities  of  the  heart ;  and  as  the  origin  of  the 
inner  coat  of  the  arteries  is  the -same,  there  exists  a  non. inter- 
rupted continuity  in  the  membrane  which  lines  all  the  canals  of  the 
circulation.  The  inner  coa-t  forms  the  only  essential  part  of  the 
venom  system ;  it  alone  constitutes  the  veins  within  the  bones,  the 
sinuses  of  the  dura  mater,  the  hepatic  veins,  in  a  word,  all  the 
vein*  which  are  so  firmly  attached  externally  to  the  neighbouring 
parts,  that  the  blood  flows  along  tliem,  as  along  inert  tubes,  their 
parietes  being,  almost  completely,  incapable  of  contracting. 

The-veins,  in  their  passage  through  muscles, are,  like  the  arteries, 
gaarded  by  aponeurotic  rings,  than  which  none  is  more  remarka- 
ble than  that  which  belongs  to  the  aperture  in  the  diaphragm', 
which  transmits  the  ascending  cava  from  the  abdomen  into  the 
thora*.  Thi*  vessel  is,  therefore,  not  compressed  by  the  contrac- 
lion  of  that  muscle  in-inspiralion. 

f.VfV.  As  the  inferior  cava  passes  through  the  lower  edge 
of  th&livfvr-,  whether  along  a  deep -fissure,  or  in  a  real  canal  in  thd 
parenchymatous  3ubstanee  of  that  viscid,  the  course  of  the  blood 
mint  be  impeded,  when,  from  congestion  of  the  parenchyma,  the 
Tf^el  \<  in  soui«  sort.  i»r«uvgulated, 
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Obstruction  of  tl«e  liver,  which  is  of  such  frequent  occurrence, 
Would  have  been  attended  with  fatal  consequences,  by  preventing 
the  return  of  the  blood  from  the  inferior  parts,  along  the  ascending 
cava,  if  this  great  venous  trunk  did  not  keep  up,  by  means  of  the 
vena  azygos,  an  open  and  free  communication  with  the  descending 
or  superior  cava.  The  use  of  this  anastomosis  of  the  two  great 
veins  is,  evidently,  to  facilitate  the  passage  of  the  blood  from  the 
one  of  these  vessels  into  the  other,  when  either^  especially  the 
lower,  does  not  readily  evacuate  its  contents  into  the  right  auricle. 
On  this  account,  the  vena  azygos  is  capable  of  considerable  dilata- 
tion, and  is  entirely  without  valves.  In  the  body  of  man  opened, 
this  day,  in  my  presence,  and  whose  liver  was  twice  as  large  as  in 
health,  I  observed,  that  the  vena  azygos,  which  was  distended  with 
blood,  was  of  the  size  of  the  little  linger;  the  termination  down, 
ward  of  this  vessel,  in  the  right  renal  vein,  and  above  in  the  supe- 
rior cava,  were  most  distinct,  and  by  compressing  it  from  above 
downward,  or  from  below  upward,  the  blood  llowed  into  the  one 
or  other  of  these  vessels. 

As  the . Causes  which  determine  the  circulation  of  the  venous 
blood,  communicate  to  it  an  impulse  which  is  far  from  rapid,  and  as 
this  fluid  meets  with  only  trifling  obstacles,  and  such  as  are  easily 
overcome,  the  pressure  against  the  parietes  of  the  veins  is  very  in- 
considerable, and  these  vessels  do  not  pulsate,  as  the  arterie-. 
There  is  observed,  however,  near  the  heart,  an  undulatory  motion 
which  the  blood  communicates  to  the  parietes  of  the  vessels. 
These  kinds  of  alternate  pulsations  depend  on  the  rapidity  willi 
which  the  blood,  whose  course  is  progressively  accelerated,  flows 
towards  the  heart,  and  on  the  reflux  of  the  blood,  during  the  con- 
traction of  the  right  auricle.  The  contraction  of  this  cavity,  forces 
hack  the  blood  into  the  veins  which  open  into  it;  this  retrograde 
course  is  manifest  in  the  superior  cava,  and  is  the  more  readily  oc- 
casioned, as  the  orifice  of  this  vein  is  not  furnished  with  any  valve 
that  might  prevent  it.  It  does  not,  however,  extend  very  faf  to- 
wards the  brain,  the  blood  having  to  ascend  against  its  own  weight, 
and  the  jugulars  admitting  of  considerable  dilatation.  This  regur* 
gitation  is  still  more  marked  in  the  inferior  caya,  the  orifice  of 
which  is  but  imperfectly  closed  by  the.  vahe  of  liUStachius;  it  is 
felt  in  the  abdominal  veins,  and  extends  even  to  the  external  iliacs. 
according  to  tho  testimony  of  Haller. 

LXV.  The-orifice  of  the  great  coronary  vein  being  exactly  co- 
vered over  by  its  valve,  the  blood  does  not  return  into  the  #S.u«  of 
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the  heart,  which  being  a  contractile  organ,  would  have  had  its  irri- 
tability impaired  by  the  presence  of  venous  blood.  It  is  of  conse- 
quence to  observe,  that  this  reflux  never  extonds  to  the  veins  which 
bring  back,  the  blood  from  the  muscles,  and  that  it  is  never  felt  hi 
the  veins  of  the  limbs  which  arc  furnished  internally  with  valvular 
folds.  The  case  is  very  different,  between  our  organs  of  motion 
and  these  secretory  glands;  towards  these  the  blood  required  to  be 
sent  back,  so  as  to  be  the  longer  exposed  to  their  action:  venous 
blood  diminishes  and  even  destroys  muscular  irritability,  and  is  truly 
oppressive,  as  may  be  ascertained  by  injecting  some,  in  the  arteries 
of  a  living  animal,  or  else  by  tying  the  veins,  so  as  to  prevent  its 
return,  or  by  observing  what  happens,  when  the  course  of  the 
blood  is  interrupted,  either  by  applying  firm  ligatures  round  the 
limbs,  or  by  wearing  confined  clothes. 

I  am  satisfied,  that  it  was  from  observing  the  oscillatory  undula- 
tions of  the  venous  blood,  in  the  great  vessels,  that  the  ancients 
were  led  to  the  opinions  they  entertained  on  the  course  of  the 
blood,  which  they  compared  to  the  Euripus,  -whose  waves  are  re- 
presented bv  the  poets,  as  uncertain  in  their  course,  and  in  cur- 
rents running  in  contrary  directions. 

The  internal  veins  in  which  this  reflux  is  observed,  shew  this 
motion  of  the  blood  most  distinctly  of  any  ;  their  sides  which  are> 
thin  and  semi-transparent,  not  being,  as  in  other  parts,  surrounded 
by  an  adipose  cellular  tissue.  To  give  a  complete  notion  of  the 
doctrine  of  the  ancients,  on  the  subject  of  the  circulation,  it  will 
merely  be  necessary  to  add  to  the  above  idea,  the  opinion  which 
they  entertained,  that  the  chyle  taken  up  by  the  meseraic  veins, 
was  carried  to  the  liver,  in  which  its  sanguification  was  effected, 
and  lastly,  that  the  arteries  were  filled  with  vital  spirit,  and  con- 
tained only  a  few  drops  of  blood  which  passed  through  small 
holes,  which,  Galen  says,  perforate  the  septum  of  the  ven- 
tricles. 

The  blood,  however,  continually  urged  on  by  the  columns  which 
follow  each  other  in  succession,  by  the  action  of  the  veins  whose 
parietes  become  gradually  stronger,  and  by  the  compression  which 
these  vessels  experience  from  the  viscera,  during  the  motions  of 
respiration,  reaches  the  heart,  and  enters  the  auricles  with  the 
greater  facility,  as  the  orifices  of  the  cava?  not  being  directly  op- 
posed to  each  other,  the  columns  of  blood  which  they  convey,  d» 
nut  mit-.t  and  do  nst  oppose  each  other. 
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LXVI.  Tho  blood,  continually  carried  (o  all  parts  of  the  body 
by  the  arteries,  returns,  therefore,  to  the  heart,  by  a  motion  which 
can  never  be  interrupted,  without  considerable  danger  of  Ji(<  . 
We  know,  that  the  circulation  is  thus  .effected,  from  the  direction 
of  the  valves  of  the  heart,  of  the  arteries  and  veins  ;  by  what  hap- 
pens, when  these  vessels  are  opened,  compressed  or  tied,  o.r  w  hen  a 
fluid  is  iujectcd  into  them.  "When  an  artery  is  wounded,  the  blood 
comes  from  the  part  of 'the  vessel  nearest  the  heart ;  it  comes,  on  the 
contrary,  from  towards  the  extremities,  if  it  is  a  vein  that  has  beoH 
opened.  By  compressing  or  tying  an  artery,  the  course  Of  the 
blood  is  suspended  below  the  ligature,  and  the  vessel  swells 
above.  The  veins,  on  4he  contrary,  when  tied  or  compressed, 
dilate  below.  Lastly,  when  an  acid  fluid  is  injected  into  a  vein* 
the  blood  is  seen  to  coagulate  in  the  direction  of  tlio  heart.  By 
the  help  of  the  microscope,  we  may  see  in  the  semi-transpareut 
vessels  of  frogs  and  other  cold-blooded  animals,  the  blood  flow  ing 
from  the  heart  into  the  arteries,  and  from  these  into  the  veius 
which  return. it  tortlve  heart.  It  was  on  the  strength  of  these  con- 
vincing proofs,  that  William  Harvey  established,  towards  the 
middle  of  the  sixteenth  century,  the  theory  of  the  circulation  of  the 
blood.  Its  mechanism  had  been  rather  guessed  at,  than  understood; . 
by  several  authors:  Servetus and  Cesalpinus  appear  to  have  been 
acquainted  with  it ;  but  no  one  has  more  clearly  explained  it  than 
the  English  physiologist,  who  is  justly  considered  the  author  of 
that  immortal  discovery. 

LXVII.  The  theory  of  Harvey,  such  as  it  is  laid  down  in  hip 
work,  entitled,  Dc  sanguinis  circiiitu.,  cxcrcilationes  a/ialomicce, 
does  not  appear  to  me  entirely  admissible. — He  considers  the 
heart  as  the  only  agent  w  hich  Sets  the  blood  in  motion,  aud  doe3 
not  take  into  account  the  action  of  the  veins  and  arteries,  which 
he  considers  as  completely  inert  tubes,  while  every  thing  tends  to' 
prove  that  the  arteries  and  veins  assist  the  motion  of  the  blood,  by 
an  action  peculiar  to  themselves.  He  admits,  that  the  blood  flows, 
in  every  part  of  the  circulatory  system,  witji  an  uniform  degree  of 
speed  ;  an  opinion  so  manifestly  contradicted  by  reasoning  and 
experience,  which  prove  that  the  velocity  of  its  course  diminishes^ 
the  greater  its  distance  from  the  heart,  fiom  the  inlluence  of  a 
great  number  of  circumstances,  which  it  would  be  useless  to  repeat 
(LV1I.)  This  doctrine  has  .yet,  however,  several  abettors,  and 
among  the  moderns,  Spallanzani  lias. endeavoured  to  support  it, 


by  it  number  of  experiments  so  contradictory,  that  one  is  surpri- 
sed that  so  judicious  a  physiologist  should  have  collected  them  to 
establish  a  theory  completely  refuted  by  several  of  them.  No- 
thing, for  example,  contradicts  it  more  fully,  than  the  continuation 
of  the  flow  of  the  blood,  in  the  vessels  of  frogs  and  alamanders, 
after  the  heart  of  these  reptiles  hate  been  torn  out ;  there  are  be- 
sides, animals  which  not  possessed  of  that  central  organ,  have 
nevertheless,  vessels  along  which  the  blood  flows,  and  which  con- 
tract and  dilate,  by  alternate  motions. 

If  the  mere  force  of  the  heart  propelled  the  blood  to  every  part, 
the  course  of  this  fluid  ought,  at  intervals,  to  be  suspended,  its  cir-.  , 
culation,atleast,  ought  to  be  slackened,  when  the  ventricles  ceasa 
to  contract;  but  as  the  contraction  of  the  arteries  corresponds  to 
the  relaxation  of  the  ventricles,  these  two  powers  whose  action 
alternates,  are  continually  employed  in  propelling  the  blood  along 
its  innumerable  channels. 

Besides  the  general  circulation  of  which  the  laws  and  phenomena 
have  just  been  mentioned,  each  part  may  be  said  to  have  its  pecu- 
liar mode  of  circulation,  more  or  less  rapid,  according  to  the 
arrangement  and  structure  of  its  vessels.  Each  of  these  indi- 
vidual circulations  forms  a  part  of  the  machinery  included  in  the 
great  circle  of  the  general  circulation,  and  in  whi«h  the  course 
of  the  blood  takes  place  in  a  different  manner,  may  be  accelerated 
or  retarded,  without  affecting  the  general  circulation.  Thus,  in 
whitlow  of  a  finger,  the  radial  artery  pulsates  a  hundred  times  in 
:i  minute,  while  on  the  sound  side,  its  beats  are  only  seventy  in- 
number,  and  perfectly  isochronous  with  the  pulsations  of  the  heart. 
In  the  same  manner,  the  blood  of  the  intestines,  which  is  destined, 
to  furnish  the  materials  of  the  bile,  flows  much  more  slowly  than 
that  of  other  parts.  r 

These  modifications  affecting  the  velocity  of  the  circulatory  mo- 
tion of  the  blood,  account  for  the  difference  of  its  qualities  in 
different  organs;  all  these  differences  form  a  part  of  the  plan 
of  Nature,  and  it  is  not  difficult  to  understand  their  utility. 

LXVIfl.  In  what  has  been  said  of  the  circulation,  wo  separate 
ffitntion  has  been  made  of  the  course  of  the  blood  through  tha 
lung?,  called  by  authors  the  h  sser  or  pulmonary  circulation. 
The  wcnlar  system  of  the  lungs,  with  the  addition  even  of  the  ca- 
vities of  the  heart  which  belong  to  it,  does  not  represent  a  com- 
plete circle,  it  is  only  a  Fegmcnf,  or  rather  an  arch  of  the  groat 
•irc.'e  of  thegectral  circulation. 


m 

The  blood,  iu  going  along  thai  great  circle,  meets  with  the  organs, 
situated  like  so  many  points  of  intersection  in  the  course  of  the 
vessels  which  form  that  circle. 

To  render  still  more  simple,  the  idea  which  is  to  be  entertained 
on  the  subject,  one  may  reduce  these  intersections  to  two  principal 
ones  ;  the  one  corresponding  to  the  lungs,  the  other  to  the  rest  of 
thebody  ;  theveius,the  right  cavities  of  the  heart,  and  the  pulmonary 
artery  with  its  divisions,  forming  one  half  of  the  circle  ;  the  pulmo* 
nary  veins,  the  left  cavities  of  the  heart,  the  aorta  with  all  its  branchy 
representing  the  other  half.  The  capillary  vessels  of  the  lungs  form 
one  of  the  points  of  intersection,  and  the  capillaries  of  all  the  other 
organs,  represent  the  other  point  of  intersection,  by  uniting  toge« 
ther  the  arteries  and  veins  of  the  whole  body,  in  the  same  manner 
as  those  of  the  lur,gs  establish  a  communication  between  the  veins 
and  arteries  of  these  organs. 

This  division  of  the  system  of  circulation  into  two  parts,  in  one  of 
which  there  circulates  a  dark  or  venous  blood,  while  the  other*  con- 
tains red  or  arterial  blood,  is  at  once  more  simple  and  more  accurate. 
As  was  already  stated  in  the  history  of  the  circulation,  its  organs 
are,  in  an  especial  manner,  destined  to  the  mechanical  act  of  con- 
veying the  fluids :  the  changes,  the  alterations  which  the  blood  un- 
dergoes in  passing  through  the  organs,  are  effected,  only  at  the 
moment  when  in  penetrating  into  their  tissue,  it  passes  into  the 
capillary  vessels  which  are  distributed  into  them.  The  columns 
of  blood  are  theu  sufficiently  minute,  to  be  operated  upon  by  the 
vital  action;  till  then,  the  columns  of  blood  ure  too  large,  and  re- 
sist, by  their  bulk,  if  one  may  so  speak,  any  decomposition.  It  is, 
therefore,  in  the  capillary  vessels,  that  the  blood  receives  its  essen- 
tial principles;  and  to  understand  how  the-  nutritious  lymph  which 
is  deposited  by  the  thoracic  duct  into  the  left  subclavian  vein,  ex- 
periences, in  its  course  along  the  sanguiferous  system,  the  changes 
which  are  to  assimilate  it  to  our  own  substance,  it  is  necessary  to 
follow  it,  along  the  venous  blood  with  which  it  unites,  into  the  hearts 
through  the  right  half  of  which  it  passes  in  its  way  to  the  lungs, 
there  to  combine  with  the  atmospherical  air,  from  which  we  are 
perpetually  deriving  another  aliment  indispensable  to  life;  then 
to  examine,  how,  when  modified  and  conveyed  with  the  red  blood, 
from  the  lungs  to  the  w  hole  body,  it  serves  to  the  secretions,  and 
supplies  nourishment  to  the  whole  body. 

In  considering,  in  this  manner,  the  circulation  of  the  blood, 
with  a  reference  to  the  changes  which  it  undergoes  iu  the  organs 
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through  v>hich  it  passes,  in  describing  that  circle,  we  shall  find,  that 
this  ifuid,  already  combined  with  the  lymph  and  chyle,  parts,  m 
the  lun-s,  with  some  of  its  principles,  at  the  same  time  that  it  be- 
comes impregnated  with  the  vital  portion  of  the  atmosphere,  which 
suddenly  chan.es  its  colour  and  other  qualities.     1  he  blood  Will 
then  bo  seen  to  How  into  all  the  parts  which  it  st.mulates  to  keep 
up  theit  energy,  to  awaken  their  action  and  furnish  them  the  mate- 
rials of  the  fluids  which  they  secrete,  or  the  molecules  by  which  they 
.row  or  are  repaired;  so  that  in  supplying  thus  the  different 
organs,  the  blood  loses  all  the  qualities  which  ithad  acquired  by  the 
union  of  the  chyle  and  of  the  vital  air,  parts  with  the  principles  to 
which  it  owed-its  colour,  and  again  becomes  dark,  to  be  repaired 
anew  by  combining  with  the  lymph,  and  by  the  absorption  ot  the 
vital  part  of  the  atmospherical  air;  this  constitutes  the  principal 
phenomenon  of  the  function,  which  will  be  considered  in  the  fourtu 
chapter. 


CHAPTER  IT 


OF  RESPIRATION. 

LXIX.    Of  the  different  changes  which  the  blood  undergoes  in 
the  different  organs,  none  are  more  essential  or  more  remarkable 
than  those  it  receives  from  the  air,  which,  duiing  respiration,  is 
alternately  received  into  the  lungs  and  expelled  from  them.  The 
blood  which  the  veins  convey  to  the  heart,  and  which  the  right 
jentricle  transmits  to  the  lungs,  is  of  a  dark  colour,  and  heavy  ; 
iti  temperature  is  only  thirty  degrees  (Reaumur's  thermometer)-; 
if  laid  by,  it  coagulates  slowly,  and  there  is  separated  from  it  a  con- 
siderable quantify  of  serum.    The  blood  which  is  brought  by 
the  pulmonary  veins  to  the  left  side  of  the  heart,  and  which  is  con. 
veyed  to  all  pa"rts  of  the  body,  by  means  of  the  arteries,  is,  on  the 
contrary,  of  a  llorid  red  colour;  it  is  spumous,  lighter,  and  warmer 
by  two  degrees.    It  likewise  coagulates  more  readily,  and  contains 
a  smaller  quantity  of  serum.    All  those  differences,  which  are  so 
easily  distinguished,  depend  on  the  changes  whichithas  undergone, 
"by  b'ing  in  contact  with  the  atrno«pheiical  air. 
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T.XX.  Of  the  atmosphere.  The  iv.a^s  of  air  which  surrou;u:j 
the  globe,  and  to  which  we  give  the  name  of  al mosphere,  bean  on 
all  bodies  with  a  pressure  proportioned  to  their  surface.  That  of 
matt*  beans* a  weight  of  air  amounting  to  about  thirf)-six  thousand 
pounds.  Moreover,  one  of  its  constituent  principles  is  absolutely 
necessary  t6  £he  keeping  up  of  life,  of  which  it  is  a  principal 
agent. 

The  variations  in  the  weight  of  the  afmosphere  have,  in  genera!, 
hut  little  influence  on  the  exercise  of  the  functions ;  neverthele<-s, 
when  by  ascending  the  tops  of  very  high  mountains,  man  rises  se- 
Tcral  thousand  fathoms  above  the  level  of  the  sea,  the  very  remark- 
able diminution  of  the  weight  of  the  air,  produces  a  Tery  sensible 
effect.  Respiration  becomes  laborious  and  panting,  the  pulse  is 
quickened,  and  there  is  felt  an  universal  uneasiness, joined  to  exces- 
sive weakness,  and  hemorrhages  come  on  ;  these  symptoms  are  oc. 
rasioned  both  by  the  diminished  pressure  of  the  air,  and  by  the 
smaller  quantity  of  oxygen  contained  in  a  rarer  atmosphere.  (Saus- 
sure,  voyage  au  ISIont-Blunc.) 

The  human  body  resists,  without  any  effort,  the  atmospherical 
pressure,  because  it  is  applied,  at  all  times,  and  in  every  direction. 
But  if  a  part  of  its  surface  ceases,  for  a  moment,  to  be  under  its 
influence,  it  swells,  the  fluids  arc  determ"  vd  to  it,  in  considerable 
quantity,  the  integuments  become  excessively  distended,  so  as  to  be 
in  danger  of  bursting;  such  are  the  phenomena  which  atteud  the 
application  of  cupping  glasses. 

The  pressure  of  the  air,  on  the  surface  of  the  globe,  is  necessary 
to  the  existence  of  bodies  in  the  condition  in  which  we  see  them. 
Several  very  volatile  fluids,  as  alcohol  and  ether,  would  became 
gazeous,  under  a  less  pressure  of  the  atmosphere;  water  would 
boil,  under  eighty  degrees  of  temperature  (lleaumur's  scale)  ;  solid 
bodies  themselves  might  become  fluid.  In  a  word,  a  consider, 
able  diminution  in  the  weight  of  the  atmosphere  would  have 
absolutely  the  same  effect,  as  raising  its  temperature  to  a  very  great 
height,  which,  changing  the  face  of  the  universe,  would  convert 
all  liquids  into  elastic  fluids,  and  would,  doubtless,  melt  all  solid 
bodies. 

The  variations  in  the  weight  of  the  atmosphere,  distinguishable 
by  the  barometer,  are  of  very  little  importance  to  the  physiologist, 

*  The  surface  of  the  body  b  estimated  at  fifteen  or  sixteen  square  feet,  in  % 
wan  of  middle  size. 
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and,  I  mi^ht  even  add,  to  the  physician,  notwithstanding  (heminuie 
attention  with  which  some  writers  note  the  state  of  the  barometer, 
of  the  thermometer  and  hygrometer,,  and  of  the  electrical  state 
of  the  atmosphere,  in  giving  an  account  of  a  disease  or  of  an  expe-- 
riment,  on  which  the  above  circumstances  have  no  apparent  or 
certain  influence.  The  atmosphere,  like  every  other  fluid,  has  a 
perpetual  tendency  to  a  stale  of  equilibrium,  hence  the  rush  of  air 
into  the  lungs,  or  into  other  situations  in  which  its  quantity  is  di- 
mished,  by  the  combinations  which  it  forms,  or  by  the  efl'ects  of 
heat  which  renders  it  lighter  by  rarefaction :  the  same  principle; 
explains  the  formation  of  the  trade  and  other  -winds. 

The  atmospherical  air  combines  witlnvater.and  dissolves  it,  as  the 
latter  dissolves  saline  substances.  In  this  consists  the  process  of  eva- 
poration. The  air  becomes  saturated  with  water,  in  the  same  man. 
ner,as  water  becomes  saturated  with  sal t,  to  such  a  degree,  as  to  be. 
incapable  of  holding  a  greater  quantity  in  solution.  As  its  tempe- 
ratare' rises,  its  solvent  power  increases,  and  the  latter  diminishes, 
as  it  grows  cold;  variations  of  temperature  produce  the  same 
effect  on  solutions  of  salts  in  liquids.  The,  formation  of  all  the 
aqueous  meteors,  depends  on  the  different  conditions  of  the  solvent 
powers  of  the  atmosphere ;  when  considerable,  the  atmosphere  is 
warm  and  dry  and  the  air  serene ;  clouds  form,  when  it  is  satu- 
rated; dews,  fogs,  and  rain,  are  the  consequence  of  a  diminution 
of  its  solvent  power,  as  snow  and  hail,  of  a  degree  of  cold  which, 
precipitates  the  fluid.'  The  different  degrees  of  dryness  or  moisture, 
marked  by  the  hygrometer,  only  sensibly  affect  the  human  body, 
when  it  has  been  exposed  for  a  considerable  time,  to  its  influence.  . 

Chemically  considered,  the  atmospherical  air,  which  was  long 
regarded  as  a  simple  body,  is  composed  of  about  0,27  of  oxygen, 
0,73  of  azote,  and  of  0,01  or  0,02  of  carbonic  acid.  •  The  propor- 
rious  of  oxygen,  according  to  Humboldt,  vary  from  0,23  to  0,29  ; 
that  of  azote,  is  almost  always  the  same  ;- carbonic  acid  is  the  more 
abundant,  as  the  air  is  less  pure.  This  part  of  natural  philosophy, 
which  is  called  eudiometry,  or  the  measurement  of  the  purity  of 
the  air,  is  far  from  accomplishing  what  its  name  indicates,  and  has 
disappointed  the  hopes  which  had  been  entertained  on  the  subject. 
Kudiometrical  instruments  can  inform  us,  only  of  the  proportfcm  of 
oxygen  contained  in  the  atmosphere;  now,  its  salubrity,  its  fitness 
for  respiration,  is  not  in  proportion  to  the  quantity  of  oxygen, 
f  he  volatilized  remains  of  putrid  animal  or  vegetable  substances, 
various  mephitic  gases,  combine  with  it,  and  affect  its  purify.  1» 
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the  comparative  analysis  of  air  procured  on  the  Alps  and  in  fh_ 
marshes  of  Lombardy,  there  was  found  in  each  the  same  quantity 
Of  oxygen  ;  and  yet,  those  who  breathe  the  former,  enjoy  robust 
health,  while  the  inhabitants  of  the  marshy  plains  of  Lombardy  »r» 
carried  off  by  epidemic  diseases,  are  pale,  emaciated,  and  habitually 
lead  a  languid  existence. 

Though,  at  least,  0,20  of  oxygen  are  necessary  to  render  tie 
air  fit  for  respiration,  the  proportion  may  be  dimini3hed  to  s<-v.-,t 
or  eight  parts  in  the  hundred  ;  but  in  such  cases,  the  breathing  is 
laborious,  panting,  and  attended  with  a  sense  of  suffocation,  in 
short,  asphyxia  comes  on,  even  w  hile  the  air  still  contains  a  certain 
quantity  of  oxygen,  of  which  the  lungs  cannot  entirely  deprive  it. 
Whenever  a  number  of  persons  arc  collected  in  a  confined  place,  in 
tvhich  the  air  cannot  be  easily  renewed,  the  quantity  of  oxygen 
diminishes  rapidly,  that  of  carbonic  acid  increases.    The  latter,  in 
consequence  of  its  specific  gravity,  sinks  to  the  lowest  part,  and 
strikes  with  death  every  living  being  which  it  envelopes.  When 
two  lighted  candles,  of  different  lengths,  are  placed  undi  rthe  sam* 
bell,  the  shorter  candle  goes  out  first,  because  the  carbonic  arid 
formed  during  combustion,  sinks  to  the  most  depending  pail. 
For  the  same  reason,  the  pit  is  the  most  unhealthy  part  of  a  play- 
bouse,  when  a  great  number  of  people,  after  remaining  in  it  for  se- 
Teral  hours,  have  deprived  the  air  of  a  considerable  portion  of  its 
oxygen. 

Persons  collected  together,  and  enclosed  in  a  small  space,  injure 
each  other,  not  only  by  depriving  the  atmosphere  of  its  respirabft? 
clement,  but  particularly  by  altering  its  composition,  by  the  com- 
bination of  all  the  substances  exhaled  from  their  bodies.  These 
volatilized  animal  emanations,  become  putrid,  while  in  the  atmos- 
phere, and  conveyed  to  the  lungs  during  respiration,  become  the 
germ  of  the  most  fatal  diseases.    It  is  in  this  manner,  that  the  jail 
and  hospital  fever,  so  fatal  to  almost  all  whom  if  attacks,  arises 
and  spreads.    A  dry  and  temperate  air,    containing  0,27  of 
oxygen  and  0,73  of  azote,  and  free  of  other  gasses  or  other  vola- 
tilized substances,  is  the  fittest  for  respiration.    In  certain  cases 
of  disease,  however,  this  function  is  most  freely  performed  in  a  less 
pure  air.    Thus,  patients  labouring  under  pulmonary  consump- 
tion, prefer  the  thick  and  damp  air  of  low  situations,  to  the  sharp 
and  dry  air  of  mountains  ;  nervous  women  prefer  that  in  which 
horn,  feathers,  or  other  animal  substances  are  burning.    An  at- 
mosphere highly  electrical,  at  the  approach  of  a  storm,  renders 
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respiration  very  laborious,  in  some  cases  of  asthma.  In  short,  the 
■qualities  of  the  air  must  be  suited  to  the  condition  of  the  vital 
power  Id  the  lungs,  as  those  of  the  food,  to  the  sensibility  of  the 
-stomacb. 

Being  obliged,  «n  this  subject,  to  content  myself  with  the  ungra- 
cious office  of  compiler,  I  hasten  to  bring  this  article  to  a  close, 
and  to  refer  the  reader  for  a  fuller  account  of  the  air,  considered  iu 
its  physical  and  chemical  relations,  to  the  works  of  M.M.  Fourcroy, 
Ihi'uy,  Brisson,  &c.  to  that  of  M.  Guyton  Morveau  on  the  method 
of  purifying  the  air,  when  from  different  combinations,  it  is  be- 
come unfit  for  respiration. 

LXXI.  In  man  and  in  all  warm-blooded  animals,  with  a  heart 
containing  two  auricles  and  two  ventricles,  the  blood  which  has 
teen  conveyed  to  all  the  organs  by  the  arteries,  and  which  has 
been  brought  back,  by  the  veins,  to  the  heart,  cannot  return  to  it, 
without  having  previously  passed  through  the  lungs,  which  are 
vircera  destined  to  the  transmission  of  air;  of  a  spungy  texture, 
and  through  which  the  blood  must,  of  necessity,  circulate,  to  get 
from  the  right  to  the  left  cavities  of  the  heart.  This  course  of  the 
blood  contitutes  the  pulmonary  or  lesser  circulation:  it  does  not 
exist  in  some  cold-blooded  animals.  In  reptiles,  for  instance,  the 
heart  has  but  one  auricle  and  one  ventricle  ;  the  pulmonary  artery, 
in  them,  arises  from  the  aorta  and  conveys  but  a  small  propor- 
tion of  the  blood;  hence  the  habitual  temperature  of  these  animals, 
it  much  lower  than  that  of  man.  For  the  same  reason  too,  there 
Aisrs  so  small  a  difference,  between  their  venous  and  arterial 
blood  ;  the  quantity  of  fluid  vivified  by  exposure  to  the  air,  in  the 
pulmonary  tissue,  being  too  small  to  effect,  by  its  uuion  with  the 
-general  mass,  a  material  change  on  its  qualities. 

Mayow  has  given  the  most  accurate  notion  of  the  respiratory 
organ,  by  comparing  it  lo  a  pair  of  bellows  containing  an  empty 
bladder,  the  neck  of  which  by  being  adapted  to  that  of  the  bellows, 
ihotild  admit  air  on  drawing  asunder  its  sides.  The  air,  in  fact^ 
enters  the  lungs,  only  when  the  chest  dilates  and  enlarges,  by  the 
?eparalion  of  its  parietes.  The  agents  of  respiration  are,  therefore, 
the  muscles  which  move  the  patietes  of  the  chest,  these  are  formed 
of  osseous  and  soft  parts,  in  such  a  manner,  as  to  posses  a  solidity 
proportioned  to  the  importance  of  the  organs  which  the  chest 
contains,  besides  a  capacity  of  motionrequired  to  carry  on  thefunc- 
tioni  intrusted  to  them. 
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To  carry  on  ijrspi  ration,  which  may  he  defined  (he  alternate  in. 
gressof  air  into  the  lungs,  ami  its  egress  from  those  organs,  ii  is  neces- 
sary that  the  dimensions  of  the  chest  should  be  enlarged  (this  active 
dilatation  of  the  cavity  of  (he  chest  is  called  inspiration),  and  that  it 
should  contract  to  expel  the  air  which  it  had  received  during  the 
first  process.  This  second  action  is  called  expiration,  it  isalwayscf 
shorterduration  than  the  former,  its  agents  are  more  mechanical, 
and  the  muscles  have  much  less  influence  upon  it. 

The  parietes  of  the  chest  are  formed,  at  the  back  part,  by  the 
vertebral  column,  at  the  forepart  by  the  sternum,  and  on  the  sides, 
by  the  ribs  which  are  osseo-cartilaginous  arches,  situated  ob- 
liquely between  the  vertebral  column  which  is  fixed  and  becomes 
the  point  of  support  of  (heir  motions,  and  the  sternum  which  is 
somewhat'  moveable — the  spaces  between  the  ribs  are  filled  by 
muscular  planes  of  inconsiderable  thickness,  the  internal  and 
external  intercostal  muscles,  the  fibres  of  which  lie  in  opposite 
directions. — Besides,  several  muscles  cover  the  outer  part  of  the 
thorax,  and  pass  from  the  ribs  to  the  neighbouring  bones:  as  the 
subclavian  muscles,  the  great  and  lesser  pectorals,  the  serrati,  the 
latissiml  dorsi,  the  scaleni,  the  longissimi  dorsi,  the  sacro  lumbales, 
and  the  serrati  minores,  posterior,  superior,  aud  inferior.  But  of 
all  the  muscles  which  form  the  anterior,  posterior,  and  lateral 
parietes  of  the  chest,  the  most  important  is  the  diaphragm,  a  fleshy 
and  tendinous  partition,  lying  horizontally  between  the  chest  and 
the  abdomen,  which  it  divides  from  each  other;  it  is  attached  to 
the  cartilages  of  the  false  ribs,  and  to  the  lumbar  vertebrae,  and 
has  three  openings  to  transmit  the  cssopliagus  and  the  vessels  which 
pass  from  the  abdomen  to  the  chest,  or  from  the  latter  into  the 
abdomen. 

In  health,  the  chest  dilates  only  by  the  descent  of  the  diaphragm. 
The  curved  fibres  of  that  muscle,  straightened  in  contraction,- 
descend  towards  the  abdomen,  and  compress  the  viscera.  The 
descent  of  the  viscera  thrusts  forward  the  anterior  parietes  of  that 
cavity,  and  these  recede,  when  on  expiration  taking  place  after 
inspiration,  the  diaphragm  now  relaxed,  rises,  pressed  upward  by 
the  abdominal  viscera,  compressed  themselves  by  the  large  muscles 
of  the  abdomen.  But  when  it  is  necessary  to  take  into  the  chest 
a  great  quantity  of  air,  it  is  not  sufficient  that  it  should  be  enlarged 
merely  by  the  descent  of  the  diaphragm,  it  is  required  besides, 
that  its  dimensions  should  be  increased  in  every  direction.  The 
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intercostal  muscles  then  contract,  and  tend  to  bring  together  the 
ribs  between  which  they  are  situated — The  intercostal  spaces  how- 
ever, become  wider,  especially  at  their  anterior  part,  for,  when- 
ever li ties  falling  obliquely  on  a  vertical  line,  change  their  direc- 
tion, approaching  to  a  right  angle,  the  intermediate  spaces  receive 
the  greater  increase,  as  the  lines,  more  oblique  at  first,  become  at 
last  more  nearly  horizontal.  Besides,  as  the  ribs  are  curved  in  the 
course  of  their  length,  in  two  directions,  and  both  in  the  direction 
of  their  faces,  and  edgewise,  the  convexity  of  the  first  enrvature  is 
outwards,  the  ribs  recede  to  a  distance  from  the  axis  of  the  chest, 
whose  cavity  is  enlarged  transversely,  while  the  second  curvature 
(in  the  direction  of  their  edge)  being  increased  by  a  real  twisting  of 
these  bones,  and  which  reaches  to  the  cartilaginous  parts,  the 
sternum  is  heaved  forward  and  upward,  so  that  the  posterior  extre- 
mity of  the  ribs  is  removed  from  their  sternal  end.  Bat  as  the  ribs 
are  notall  equally  moveable,  as  the  first  is  almost  always  invariably 
fixed,  and  as  the  others  arc  moveable  in  proportion  to  their  length, 
the  sternum  is  tilted  in  such  a  way  that  the  lowermost  extremity  is 
thrust  forward.  The  diameter  of  the  chest  from  the  fore  to  the 
back  part  increases,  therefore,  as  well  as  the  transverse  diameter. 
This  increase  of  dimensions  has  been  estimated  at  two  inches,  to 
f-ach  of  these  diameters ;  the  dimensions  of  the  vertical  diameter, 
which  are  regulated  by  the  depression  of  the  diaphragm,  are  much 
greater.  , 

LXXII.  Professor  Sabatier,  in  his  memoir  on  the  motion  of 
the  ribs,  and  on  the  action  of  the  intercostal  muscles,  maintains, 
that  during  the  act  of  inspiration,  the  upper  ribs  alone  rise,  that 
the  lower  ribs  descend  and  slightly  close  on  the  chest,  while  the 
middle  ribs  project  outwardly,  and  that  in  expiration,  the  former 
set  of  ribs  descend,  that  the  latter  start  a  little  outwardly  and  that 
the  middle  set  encroach  on  the  cavity  of  the  chest.  The  learned 
Professor  adds,  that  the  cartilaginous  articulating  surfaces,  by 
which  the  ribs  are  connected  to  the  transverse  processes  of  the  ver- 
tebras, appear  to  him  to  favour  these  different  motions,  as  the  direc- 
tion of  the  articulations  of  upper  ribs,  is  upward,  and  that  of  the 
lower,  downward  :  but  on  considering  the  subject  with  attention, 
it  will  be  seen,  that  the  surfaces  by  which  the  transverse  processes 
of  the  vertebra  are  articulated  to  the  tuberosities  of  the  ribs,  are 
turned  directly  forward  in  the  greatest  number,  some  of  the  lower 
ribs  are,  at  the  same  time,  directed  slightly  upward.  If  we  ex a- 
mipe  the  action  of  the  boaea  of  the  chest,  during  inspiration,  in  a 
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very  thin  person,  for  example,  in  phthisical  patients,  whose  bonr-3 
are  covered  with  little  else  than  skin,  we  shall  find,  that  all  the  ribs 
rise  and  are  carried  somewhat  outwardly.  It  is  not  easy  to  con- 
ceive how  the  intercostal  muscles,  w  liich  Professor  Sabatier  consi- 
ders as  the.  agents  of  expiration,  should  elevate  the  upper  libs  and 
depress  the  lower.  The  diaphragm,  whose  circumference  is  in- 
serted in  the  latter,  might,  by  its  contraction,  produce  this  effect) 
but  as  the  intercostals  have  their  fixed  point  of  action  in  the  upper 
ribs,  they  oppose  and  neutralize  this  effort,  and  all  the  ribs  are  ele- 
vated at  once.  If  this  were  not  the  case,  the  ribs  ought  to  be  de- 
pressed, whenever  the  intercostals  contract,  since  the  lowermost, 
fixed  by  the  diaphragm,  would  become  the  fixed  point  on  which  all 
the  others  should  move. 

As  the  fibres  of  the  external  and  internal  intercostal  muscles^ 
are  in  direct  opposition  to  each  other,  those  of  the  former  set  of 
muscles  having  an  oblique  direction,  from  above  downward,  and 
from  behind  forward,  and  crossing  the  fibres  of  the  other  set 
whose  obliquity  is  in  a  different  direction;  several  physiologists- 
have  thought,  that  these  muscles  were  opposed  to  each  other,  that 
the  internal  intercostal  muscles  brought  together  the  ribs,  after 
they  had  been  separated  by  the  external  intercostals,  the  one  set 
being  muscles  of  expiration,  while  the  other  set  contracted  during 
inspiration. 

It  is  well  known  with  what  pertinacity,  Hambergor,  in  other  res- 
pects, a  physiologist  of  considerable  merit,  defended  this  erro- 
neous opinion,  in  his  dispute  with  Haller;  it  is  now,  however, 
ascertained,  that  all  the  intercostal  muscles  concur  in  dilating  the 
chest,  and  that  they  ought  to  be  ranked  among  the  agents  of  inspi- 
ration, because  the  unequal  capacity  of  motion  in  the  ribs,  prevents 
the  internal  intercostals,  the  lower  insertion  of  which  is  nearer  to 
the  articulation  of  these  bones  to  the  vertebrae,  from  depressing  the 
upper  ribs.  Of  the  very  conclusive  experiments,  by  which  Haller 
undertook  to  refute  the  arguments  of  his  adversary,  I  shall  relate 
only  that  which  is  performed  by  stripping  the  parietes  of  the  chest, 
in  a  living  animal,  of  all  the  muscles  which  cover  it,  and  by  re- 
moving, in  different  parts  of  the  thorax,  some  of  the  external  inter- 
costal muscles.  The  internal  intercostals  are  then  seen  to  contract 
during  inspiration,  together  with  the  remaining  external  intercos- 
tals. Those  muscles,  therefore,  have  a  common  action,  and  are 
not  in  opposition  to  each,  other.  The  same  experiment  serves  to 
prove  the  increased  dimensions  of  the  space  between  the  ribs.  Oa 
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folding  one's  finger  between  two  of  the  ribs,  it  feels  less  con- 
fined, when  during  inspiration,  these  bones  rise  and  thrust  forward 
the  s  to  mum. 

This  qviestion  being  at  rest,  although  in  the  pursuit  of  science 
one  should  enquire  hozo  things  are  effected,  and  not,  wherefore  they 
come  to  pass,  one  feels  naturally  desirous  to  know  what  purpose 
is  answered  by  the  different  direction  of  the  fibres  of  the  two  sets 
of  intercostal  muscles;  and  with  what  view,  Nature  has  departed 
from  her  wonted  simplicity,  in  giving  to  their  fibres  opposite  di- 
rections. In  answer  to  this,  one  may  observe,  that  the  action  of 
powers  applied  obliquely  to  a  lever,  being  decomposed  in  conse- 
quence of  that  obliquity,  a  part  of  the  action  of  the  external  inter- 
costals  would  tend  to  draw  the  ribs  towards  the  vertebral  column, 
which  could  not  happen,  without  forcing  back  the  sternum,  if  the 
internal  intercostals  did  not  tend  to  bring  forward  the  ribs,  at  the 
same  time  that  they  elevate  them;  so  that  these  two  muscular 
planes,  united  in  their  action  of  raising  the  ribs,  antagonize  and  re- 
ciprocally neutralize  each  other,  in  the  effort  by  which  they  tend 
to  draw  them  in  different  directions. 

To  this  advantage  of  mutually  correcting  the  effects  that  would 
result  from  their  respective  obliquity,  may  be  added  the  benefit 
arising  from  a  texture  capable  of  a  greater  resistance;  it  is  clearly 
obvious,  that  a  tissue  whose  threads  cross  each  other,  is  firmer  than 
one  in  which  all  the  threads,  merely  in  juxta  position  or  united  by 
means  of  another  substance,  should  all  lie  in  the  same  direction. 
Hence  Nature  has  adopted  this  arrangement,  in  the  formation  of 
the  muscular  planes  constituting  the  anterior  and  lateral  parietes  of 
tbe  abdomen,  without  which  the  abdominal  viscera  would  fre- 
quently have  formed  herniary  tumours,  by  separating  the  fibres, 
and  getting  engaged  between  them.  In  this  respect,  one  may 
compare  the  tissue  of  the  abdominal  parietes,  in  which  the  fibres  of 
the  external  and  internal  oblique  muscles,  which  cross  each  other, 
are  themselves  crossed  by  the  fibres  of  the  transversales,  to  the  tis- 
sue of  those  stuffs  whose  threads  cross  each  other,  or  rather  to 
wicker  work,  to  which  basket-makers  give  so  much  strength,  by 
interweaving  the  osier  in  a  variety  of  directions. 

LXXIII.  When  fi  om  any  cause,  respiration  becomes  difficult, 
and  the  diaphragm  is  prevented  from  descending  towards  the  abdo- 
men, or  the  motion  of  inspiration  impeded,  in  anyway,  the  ihter- 
co-tab  are  not  alone  employed  in  dilating  tbe  chest,  but  afe 
a£«isted  by  several  other  auxiliary  muscles  ;  the  Ecaleoi>  the  tub* 
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elavii,  the  pectorals,  tlic  serrati  magni,  and  the  latissimi  dorsi,  by" 
contracting,  elevate  the  ribs,  and  increase,  in  more  directions  than 
one,  the  diaincfer  of  the  chest.  The  fixed  point  of  these  muscles 
then,  becomes  their  moveable  point,  the  cervical  column,  the  clavi- 
cle,the  scapula,  and  (he  humerus,  beiugkept  fixed  by  other  powers, 
which  it  is  unnecessary  to  enumerate.  Whoever  witnesses  a  fit  of 
convulsive  asthma,  or  of  a  suffocating  cough,  will  readily  under- 
stand the  importance  and  action  of  these  auxiliary  muscles. 

Inspiration  is  truly  a  state  of  action,  an  effort  of  contractile  or- 
gans which  must  cease,  when  these  are  relaxed.  The  expiration 
which  follows  is  passive,  and  assisted  by  very  few  muscles,  and 
depends  chielly  on  the  re-action  of  the  elastic  parts  entering  into 
the  structure  of  the  parietes  of  the  chest.  We  have  seen,  that  the 
cartilages  of  the  ribs  are  pretty  considerably  twisted,  so  as  to  carry 
outward  and  downward  their  upper  edge  :  when  the  cause  which 
occasions  this  twisting  ceases  to  act,  these  parts  return  to  their 
natural  condition,  and  bring  back,  the  sternum  towards  the  verte_ 
bral  column,  towards  which  the  ribs  descend,  from  their  weight. 
The  diaphragm  is  forced  towards  the  chest,  by  the  abdominal 
viscera  which  are  compressed  by  the  broad  muscles  of  the 
abdomen. 

In  every  effort  of  expiration,  as  in  cough  and  vomiting,  these 
muscles  re-act,  not  merely  by  their  own  elasticity,  but  they  besides 
contract  and  tend  to  approach  towards  the  vertebral  column,  by 
pressing  upwards  the  abdominal  viscera  towards  the  chest.  The 
triangularis  sterni,  the  subcostales,  and  the  serratus  inferior  posti- 
cus,may  likewise  be  ranked  among  the  agents  of  expiration  ;  but 
they  appear  to  be  seldom  employed,  and  to  be  too  slender  and 
weak  to  contribute  much  to  the  contraction  of  the  chest. 

LXXI V.  When  the  chest  enlarges,  the  luugs  dilate  and  follow 
its  parietes,  as  these  recede  from  each  other.  These  two  viscera, 
soft,  spungy,  and  of  less  specific  gravity  than  water,  covered  by 
the  pleura  which  is  reflected  over  them,  are  always  in  contact  with 
the  portion  of  that  membrane  which  lines  the  cavity  of  the  thorax; 
no  air  is  interposed  between  their  surfaces  (which  are  habitually 
moistened  by  a  serous  iluid  exuding  from  the  pleura)  and  that 
membrane,  as  may  be  seen,  by  opening,  under  water,  the  body  of 
Si  living  animal,  when  no  air  will  be  seen  to  escape.  As  (he  lungs 
dilafe,  their  vessels  expand',  and  the  blood-circulates  through  them 
mercfreely;  the  air  contained  in  the  innumerable  cells  of  thcii 
tissue,  becomes  rarefied,  iu  proportion  as  the  FP.ace  in  which  if  it 
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contained  is  enlarged.  Besides,  the  warmth  communicated  to  it 
bv  the  surrounding  plots', 'enables  >*>  in  a  very  imperfect  manner, 
to  resist  the  pressure  of  the  atmosphere,  rushing  through  the  nos- 
trils and  mouth  into  the  lungs,  by  the  opening  in  the  larynx  which 
is  always  pervious,  except  during  deglutition. 

IAX  V.  The  pulmonary  tissue  into  which  the  air  is  thus  drawn 
in,  every  time  the  capacity  of  the  chest  is  increased,  does  not  consist 
merely  of  air-vessels,  which  are  but  branches,  of  different  sizes,  of 
the  two  principal  divisions  of  the  trachea,  but  is  formed,  likewise,  by 
the  lobular  tissue  into  which  those  canals  deposit  the  air ;  it  contains 
also  a  great  quantity  of  lymphatics  and  blood  vessels,  of  glands  and 
nerves.  Cellular  tissue  unites  together  all  these  parts,  and  forms 
them  into  two  masses  covered  over  by  the  pleura,  and  of  nearly  the 
same  bulk*:  suspended  in  the  chest  from  the  bronchia;  and  trachea, 
and  every  where  in  contact  with  the  pnriotesof  the  cavities  of  the 
chest,  except  towards  their  root,  ut  which  they  receive  all  their 
nerves  and  vessels. 

The  pulmonary  artery  arises  from  the  base  of  the  right  ventricle, 
and  divides  into  two  arteries,  one  to  each  lung.  'On  reaching  the 
substance  of  these  viscera,  these  vessels  divide  .into  as  many 
branches  as  there  are  principal  lobts.  From  Ihese  branches, 
there  arise  others  which  again  subdivide  into  lesser  ones,  until 
they  become  capillary,  and  continuous  with  the  radicles  of  the  pul- 
monary veins. 

These  vessels,  formed  from  the  extremities  of  the  artery,  unite 
into  truuks,  which  progressively  enlarging,  emerge  from  the  lungs, 
and  open,  four  in  number,  into  the  left  auricle.  Besides  these 
large  vessels,  by  means  of  which,  the  cavities  in  both  sides  of  the 
heart  communicate  together,  the  lungs  receive  from  the  aorta  two 
or  three  arteries  called  bronchial  arteries:  these  penetrate  into 
their  tissue  and  follow  the  direction  of  the  other  vessels  and  termi- 
nate in  the  bronchial  veins,  which  open  in  the  superior  cava,  not 
farfromits  termination  into  the  right  auricle.  These  bronchial 
vessels  are  sufficient  for  the  nourishment  of  the  pulmonary  organ, 
which,  in  reality,  is  not  nearly  so  bulky  as  it  appears,  as  may  be 
ascertained  by  examining  the  lungs,  after  all  the  air  has  been 
extracted  from  them,  by  means  of  an  air  pump,  applied  to  the 
trachea,  t 'is.  *d  *t.r.t\*t£l  d'.  U.'.ut 

*  It  is  well  known  (bat  the  right  lung  is  larger  llinnllic  left,  (hat  it  is  JirideJ 
into  three  jrinripal  \obet}  ,w|,itc  lnc  letter  has  oiilj  livo.  ' 
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Physiologists,  for  the  most  part,  consider  the  bronchial  arteries 
as  the  nutritious  vessels  of  the  lungs.  They  assert,  that  as  the 
blood  which  flows  along  the  branches  of  the  pulmonary  artery  re- 
sembles venous  blood,  it  is  unfit  for  the  nutrition  of  the  lungs, 
and  that  it  was  necessary  that  these  organs  should  be  supplied  by 
arteries  arising  from  the  aorta,  and  containing  blood  analogous  to 
that  which  is  sent  to  every  part  of  the  body.  Uut  though  it  be  ad-, 
mitted,  that  this  venous  blood,  brought  from  every  part  of  the 
body,  and  sent  into  the  lungs,  by  their  principal  artery,  may  not 
be  fit  to  maintain  the  organ  in  its  natural  economy,  this  blood  is  tit 
for  that  use,  when,  after  being  made  hot,  spumous,  and  florid  by 
the  absorption  of  the  atmospherical  oxygen,  it  returns  by  the  pul- 
monary veins,  into  the  left  cavities  of  the  heart. 

Some  have  thought,  that  the  blood  which  flows  in  the  bronchial 
vessels,  exposed  to  the  action  of  the  air,  like  the  portion  of  this 
fluid  which  traverses  the  pulmonary  system,  lost  nothing  of  its  arte- 
rial qualities,  and  that,  poured  by  the  bronchial  veins  into  the  su- 
perior or  descending  vena  cava,  it  was  a  necessary  stimulus  for 
the  right  cavities  of  the  heart,  of  which  blood  entirely  daik  and 
venous,  would  not  have  awakened  the  contractility.  But  even,  if 
the  experiments  of  Goodwin  had  not  proved,  that  the  parietes  of 
these  cavities  have  a  sensibility  relative  to  dark  blood,  by  viitue  of 
which,  this  stimulus  is  sufficient  to  determine  their  contraction, 
ihe  action  of  the  heart  does  not  depend  as  closely  as  has  been  said, 
on  the  impression  of  the  blood  on  its  substance,  since  it  contracts, 
though  empty,  and  prolongs  its  contractions  to  relieve  itself 
of  the  black  blood  which  fills  it,  when  an  animal  dies  of  as.  , 
plvyxia. 

Boerhaave,  who  admitted  one  sort  of  peripneumony  depending 
on  the  obstruction  of  the  bronchial  vessels,  w  hilst  another,  accor- 
ding to  the  same  writer,  depends  on  the  obstruction  of  the  pulmo- 
nary vessels,  seems  to  justify,  in  some  measure,  the  reproach,  ex- 
aggerated unquestionably,  which  some  authors  have  thrown  out 
against  anatomy,  of  having  rather  retarded  than  accelerated 
the  progress  of  the  Hippocratic  practice  of  medicine.  The  ana- 
tomical analysis  of  the  lungs,  or  the  distinction  of  the  tissues 
which  enter  into  their  composition,  furnishes  jiister  ideas  on  the 
difference  of  the  inflammations  by  which  they  may  be  attacked.  It  . 
has  been  seen,  that  of  these  pulmonary  phlegmasias,  the  com- 
monest, and  least  serious  catarrh,  consists  in  inflammation  of  the 
mucous  membrane  which  lines  the  air  passages,  whiht  the  real  pr- 
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ripncumony  has  its  scat  in  the  parenchyma  of  fho  organ,  •which,  it 
converts  into  a  hard  and  compnet  mass.  It  is  this  state  that  anato-! 
mists  have  long  designed  under  the  name  of  hepatization^  because,  ia 
fact,  the  substance  of  the  lung  has  acquired  the  hardness,  the  weight, 
and  something  of  the  appearance  of  the  liver.  The  same  anato- 
mical researches  have  shewn  that  pleurisy  consists  iu  inflammation 
of  the  pleura,  and  of  the  surface  of  the  lung,  an  inflammation 
which  sometimes  leaves  no  traca,  but  which  oftener  exhibits,  un 
the  opening  of  bodies,  the  pleura  thickened  and  opaque,  covered 
with  a  layer  of  coagulable  lymph,  whitish,  more  or  less  thick  or 
even  adhering  to  the  lung.* 

There  arise  from  the  surface  and  from  the  internal  substance  of 
the  lungs,  a  prodigious  number  of  absorbents,  which  may  be  di- 
vided into  superficial  and  deep  seated.  The  latter  accompany  the 
bronchial  tubes  and  penetrate  into  the  substance  of  the  glandular 
bodies  situated  where  those  air  vessels  divide,  but  collected,  in 
greatest  number,  towards  the  root  of  the  lungs  and  at  the  angle 
formed  by  the  bifurcation  of  the  trachea.  These  bronchial  glands, 
belonging  to  the  lymphatic  system,  do  not  ditfer  from  the  glands  of 
the  same  kind,  and  are  remarkable  only  by  their  number,  their 
size,  and  their  habitually  darkish  colour.  The  absorbents  of  the 
lungs,  after  ramifying  in  these  glands,  terminate  in  the  upper  part 
of  the  thoracic  duct,  at  the  distance  of  a  few  inches  from  its  termi- 
nation into  the  subclavian  vein.  Lastly,  the  lung*,  though  endowed 


*  These  adhesions  of  the  lung  (o  the  pleura  costalis,  are  so  common,  that  the 
old  anatomists  considered  tliem  as  a  natural  disposition,  and  called  llicm  liga- 
me.ils  of  the  lungs.  It  has  been  believed"  till  now,  tS.it  these  adhesions  arose  from 
«be  organization  of  a  substance  transuding  from  the  two  surfaces.  Numerous 
dissections  have  convinced  me,  that  in  all  the  points  where  they  are  met  with, 
the  pleura  has  disappeared,  that  it  is  decomposed,  and  that,  whether  it  be  at  the 
surface  of  the-  lungs,  or  within  the  ribs  and  their  muscles,  it  is  produced  by  the 
act  of  inflammation,  that  it  is  become  cellular,  by  the  thinning  of  its  tissue  and 
the  separation  of  its  laminae.  The  pleura  thus  reduced  to  cellular  tissue,  the  ad- 
hesion is  produced  by  the  firel  intention,  in  the  same  way  as  ia  simple,  wounds 
immediately  united.  There  is  no  organ  that  abounds  more  than  the  lungs  in 
facts  important  to  morbid  anatomy.  The  variety  of  appearances  they  exhibit, 
on  the  opening  of  bodies,  arc  almost  innumerable;  and  to  give  one  instance,.the 
pleura  appears  after  pleurisy  in  five  perfectly  distinct  conditions.  1st. 
In  its  natural  state,  when  thedisease  being  incipient  and  slight,  the  resolution  is' 
effected  at  the  moment  of  death  .— 2ndly.  When  it  is  red,  thickened, and.  opake  : 
3dly.  When  it  is  covered  with  coagulable  lymph  : — IlhlyJ  When  it  adheres  :-~ 
5thly.  When,  in  consequence  of  chronic  in  (lamination,  hvdrothorax  has  taken 
piace,&r.  £c. 
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*nth  a  very  imperfect  degree  of  sensibility,  hare  a  pretty  consi- 
derable number  of  nerves  furnished  by  the  great  symphathetic,  and 
especially  by  the  eighth  pair. 

Lt  was  long  believed,  on  the  authority  of  Willis,  that  the  aerial 
tissue  of  the  lungs  is  vesicular,  that  each  ramification  of  the  bron- 
chia; terminated  in  their  substance,  in  the  form  of  a  small  ampullula; 
but  at  present,  most  anatomists  adopt  the  opinion  of  Helvetius. 
According  to  Helvetius,  every  air-vessel  terminates  in  asmall  lobe, 
or  kind  of  spunge  fitted  for  the  reception  of  air  and  formed  of  a 
si-umber  of  cells  communicating  together. — These  lobes,  united  by 
cellular  tissue,  form  larger  lobes,  and  these  together  form  the  mass 
of  the  lungs. 

The  tissue  that  connects  together  the  different  lobes  is  very  dif- 
ferent from  that  in  which  the  ramifications  of  the  bronchia;  ter- 
minate; air  never  penetrates  in  it,  except  when  the  tissue  of  the 
air  cells  is  ruptured.  On  such  occasions,  which  are  not  of  rare 
occurrence,  on  account  of  the  excessive  thinness  of  the  lamina:  of 
the  air  cells  of  that  tissue;  the  lung  loses  its  form,  and  becomes 
emphysematous.  Haller  estimates  at  about  the  thousandth  part  of 
an  inch,  the  thickness  of  the  parietes  of  the  air  cells,  and  as  the 
extreme  ramifications  of  the  pulmonary  vessels  are  distributed  on 
these  parietes,  the  blood  is  almost  in  immediate  contact  with  the 
air..  There  can  be  no  doubt,  that  the  oxygen  of  the  atmosphere 
acts  on  the  blood,  under  such  circumstances,  since  it  alters  its 
qualities  and  communicates  to  it  a  florid  red  colour,  when  inclosed 
in  a  pig's  bladder  and  placed  under  a  vessel  filled  with  oxy- 
gen gas/ 

LXXVI.  Every  time  the  chest  dilates,  in  an  adult,  there 
enter  into  the  lungs,  between  thirty  and  forty  cubic  inches  of  at- 
mospherical air*,  consisting,  when  pure,  of  seventy-three  parts 
of  azote,  t  wenty. seven  of  oxygen,  and  one  or  two  parts  in  the 
hundred,  of  carbonic  acid. 

When  the  air  has  been  exposed,  for  a  few  moments,  in  thr  pul- 
monary tissue,  it  is  expelled  by  the  effort  of  expiration,  but  it  is  di- 

*  Some  physiologists  think  that  the  quantity  of  air  inspired  is  much  less  Con- 
■  niderable.  Professor  Gregory,  of  Edinburgh,  states,  in  his  public  lectures,  that 
scarcely  two  inches  of  air  enter  into  the  lungs,  at  each  inspiration.  It  may  be 
proved,  however,  that  this  calculation  is  inaccurate;  either  by  drawing  a  full 
inspiration,  as  was  done  by  Mayow,  at  the  expence  of  a  certain  quantity  of  air 
contained  in  a  bladder,  or  by  breathing  into  a  vessel  connected  with  a  pneum.-.- 
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Minished  in  quantity  and  is  reduced  to  thirty-eight  inches.  Its  coiw- 
position  is  no  longer  the  same,  it  contains,  it  is  true,  0,7  3  of  azote, 
but  the  vital  portion  tit  for  respiration,  the  oxygen,  has  undergone 
a  great  diminution,  its  proportion  is  only  0,14:  carbonic  acid 
forms  the  remaining  thirteen  hundredths,  and  there  are  sometimes, 
found  one  or  two  parts  of  hydrogen.  It  is  besides  affected  by  the. 
addition  of  an  aqueous  vapour,  which  is  condensed  in  cold  weather, 
as  it  escapesat  the  mouth,  and  nostrils.  Itis  called  the  humour  of 
the  pulmonary  transpiration.  These  changes,  compared  to  those 
which  the  blood  experiences  in  passing  through  the  lungs,  clearly 
show  a  reciprocal  action  of  this  fluid  and  of  the  oxygen  of  the  atmos- 
phere. The  dark  venous  blood  which  coagulates  slowly  and 
which  then  disengages  a  considerable  quantity  of  serum  abounding, 
in  hydrogenand  carbon,  and  of  a  temperature  of  only  thirty  degrees, 
)  ields  its  hydrogen  aud  carbon  to  the  oxygen  of  the  atmosphere,  to 
form  carbonic  acid  aud  the  pulmonary  vapour :  and  as  oxygen  can- 
not enter  into  these  new  combinations,without  parting  with  a  portion 
of  the  caloric  which  keeps  it  in  a  state  of  gas,  the  blood  acquires 
this  warmth,  which  is  disengaged  the  more  readily,  according  to 
the  ingenious  experiments  of  Crawford,  as  by  parting  with  its 
hydrogen  and  carbon,  its  capacity  for  caloric  increases  in  the  pro- 
portion of  10:  11.  5. 

In  parting  with  its  carbon  which,  by  uniting  with  oxygan,  forms 
the  carbonic  acid  that  is  thrown  out  during  expiration,  the  blood 
loses  its  dark  and  nearly  purple  colour,  and  becomes  of  a  florid  red, 
and  its  consistence  increases,  from  the  escape  of  its  hydrogen  and 
of  its  aqueous  parts.  Besides,  as  it  absorbs  a  certain  quantity  of 
oxygen,  it  becomes  spumous  and  light;  its  concrescibility  and 
plasticity  increase,  and  on  coagulating,  there  is  separated  from  it, 
a  smaller  quantity  of  serum. 

tic  apparatus,  the  air  takeD  in,  by  drawing  a  deep  inspiiation.  Or  e^se  on? 
may  inflate  the  lungs  of  a  dead  body,  by  adapting  to  the  trachea,  a  stop-cock 
connected  with  a  curved  tube  to  receive  the  air  under  a  vessel  of  the  same  appa- 
ratus Various  means  have  been  employed  to  measure  the  capacity  of  the  chot. 
JSoerhaave  ph.ced  a  man  in  a  tub  containing  water  above  his  shoulders,  he  theri 
made  him  take  a  deep  inspiration,  arid  measured  the  height  at  which  the  fltrtf 
nne  from  the  dilatation  of  the  chest.  Keill  injected  water  into  the  chest  of  a 
rfead  body.  Lastly,  it  has  been  proposed  to  inject  the  bronchial  tube.\and  (he 
lobular  tissue  into  which  they  ic-rminair,  Mill,  fusible  mrlal  consisting  of 
ficht  parts  of  pevtU-T,  five  of  lead,  three  dT  i.i*ri.uih,  to  which  may  be  added  uae 
•fmcrrufr. 
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After  parting  with  its  hydrogen  and  carbon,  and  combining  with 
oxygon  nnd  caloric,  in  its  passage  through  the  lungs,  the  blood* 
which  is  become  arterial,  parts  with  these  two  principles,  in  pro- 
portion as  iu  receding  from  the  heart,  it  forms  new  combinations, 
and  is  converted  into  oxides  of  hydrogen  and  carbon,  which,  on  re- 
ceiving an  additional  quantity  of  oxygen,  are  changed  info  water 
and  carbonic  acid,  when  on  being  carried  along  with  the  venous 
blood,  into  the  pulmonary  tissue,  they  are  exposed  to  the  influence 
of  the  atmospherical  air. 

The  arterial  blood  becomes  venous,  by  )  ielding  its  oxygon,  when 
any  cause  whatever  suspends  or  slackens  its  course,  as  is  proved 
by  the  following  experiment  of  John  Hunter.  He  tied  the  carotid 
artery  of  a  dog,  with  ligatures  placed  at  the  distance  of  about  four 
inches  from  each  other;  the  blood  contained  iu  the  portion 
of  artery  included  between  the  two  ligatures,  on  laying  open  this 
part  of  the  vessel,  at  the  end  of  a  few  hours,  was  found  coagulated 
and  as  dark  as  that  in  the  veins.  The  blood  contained  in  an  aneu- 
rismal,  sac,  and  which  is  frequently  found  in  a  fluid  state,  when  the 
internal  coats  of  the  artery  are  but  lately  ruptured,'becomes  venous 
after  remaining  in  it  some  time.  The  changes,  however,  which  the 
blood  undergoes  in  its  course  through  the  arterial  system,  are  not 
very  remarkable,  owing  to  the  rapidity  with  which  it  flows  along 
those  vessels;  there  is  less  difference  between  the  blood  contained 
in  an  artery  near  the  heart,  and  that  contained  in  an  artery  at  a 
distance  from  that  organ,  than  in  the  blood  taken  from  the  veins 
near  their  extremities,  and  from  the  great  trunks  which  deposit  it 
into  the  right  auricle.  The  blood  in  the  small  veins  resembles  ar- 
terial blood,  arid  frequently  in  a  very  copious  bleeding,  the  colour 
of  the  blood,  which,  at  first,  is  very  dark,  gradually  becomes  less 
dark,  till  towards  the  end  of  the  bleeding,  it  shews  nearly 
the  same  qualities  us  if  arterial;  a  phenomenon  which,  as  is 
well  observed  by  the  English  writer  already  quoted,  depends 
on  the  more  easy  and  rapid  flow  of  the  blood  of  the  arteries 
into  the  veins,  in  consequence  of  the  evacuation  of  the  venous 
system.  This  observation  is  a  complete  refutation  of  the  as- 
sertion of  Bellini,  who  maintains,  that  when  a  vein  is  wounded, 
the  blood  which  comes  from  it,  forms  a  double  current  which  flows 
out  at  the  wound.  The  above  opinion  is  maintained  by  highly 
distinguished  physiologists,  as  Haller  andSpallanzani,  who  support 
it  by  experiments  performed  on  the  vessels  of  cold-blooded  am- 
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r.als,  or  ou  veins  without  valves.  In  bleeding  at  the  bend  of 
the  arm,  the  blood  cannot  come  from  that  part  of  the  vessel  which 
is  above  the  wound:  the  valves  oppose  insuperable  obstacles  to  its 
retiogade  How,  hence  it  is  very  easy  to  distinguish  the  red  blood 
which  comes  from  the  lower  extremity  of  the  vein,  from  that  which 
ilows  from  the  upper  end,  and  which  is  poured  into  the  vessel  by 
the  veins  which  open  into  it,  between  the  puncture  and  the  nearest 
valve. 

In  its  course  to  the  parts  among  which  the  arteries  are  distri- 
L.ucd,  the  blood,  vivified  in  its  passage  through  the  lungs,  and 
titted,  as  Mj.  Fourcroy  says,  for  a  new  life,  loses  its  oxygen  and 
caloric.  Its  capacity  for  the  latter,  diminishes,  in  proportion  as 
the  oxygen,  by  combining  with  hydrogen  and  carbon,  restores  it  to 
the  venous  state. 

This  theory  of  the  process  by  which  the  blood  parts  with  its 
oxygen,  in  its  progress  along  the  blood  vessels,  is  rendered  still 
more  probable,  by  recent  discoveries  on  the  nature  of  the  diamond. 
This  substance  is  the^nly  pure  carbon,  and  that  which  is  called  so 
by  chemists,  is  an  oxide  of  carbon  which  owes  its  dark  colour  to 
the  oxygen  with  which  it  is  combined.  Before  these  experiments, 
it  was  not  easy  to  determine  the  particular  condition  of  the  carbon 
which  exists  so  plentifully  in  venous  blood. 

No  precise  calculation  has  yet  been  made,  of  the  quantity  of 
oxygen  absorbed  by  the  venous  blood,  nor  of  the  quantity  employed 
in  the  combustion  of  hydrogen  and  carbon  in  the  lungs,  so  as  to 
form  water  and  carbonic  acid. 

Is  the  carbon,  in  venous  blood,  merely  combined  with  oxygen, 
or  is  it  united  with  hydrogen,  so  as  to  form  carbureted  hydrogen  ? 
It  appears  to  me  more  probable,  that  the  oxygen  which  is  ab- 
sorbed, by  combining  with  hydrogen,  in  every  part  of  the  body, 
produces  the  water  which  dilutes  the  venous  blood,  renders  it  more 
fluid,  and  richer  in  serum  than  arterial  blood;  while,  by  its  union 
with  carbon,  it  forms  an  oxide  that  gives  to  the  blood  the  dark 
colour,  which  is  one  of  its  most  remarkable  characters.  On  reach- 
ing the  lungs,  which  are  real  secretory  organs,  the  water  is  ex- 
haled, dissolved  in  the  air,  and  forms  the  pulmonary  transpiration  ; 
the  oxide  of  carbon,  completely  decomposed  by  an  additional 
quantity  of  oxygen,  constitutes  carbonic  acid,  which  gives  to 
the  air  that  is  expired,  the  power  of  forming  a  precipitate  in  lime 
water. 

1  E 
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"the  absorption  of  oxygen  by  the  venous  blood,  explains  hot/ 
the  phenomena  of  respiration  are  continued  into  every  part  of  the 
body,  and  produce  the  warmth  uniformly  diffused  over  all  out* 
organs.  In  proportion  as  the  blood  parts  with  its  caloric,  for 
which  its  affinity  diminishes  as  it  becomes  venous,  the  parts  which' 
give  out  their  h)drogen  and  carbon,  combir.fe  with  it.  If  the 
lungs  wera  the  only  organs  in  which  caloric' might  be  disengaged, 
the  temperature  of  those  viscera  might  considerably  to  evceed  thai 
of  other  parts:  experience,  however,  shews  that  the  temperature 
of  the  lungs  is  not  sensibly  more  elevated. 

This  theory  of  respiration,  for  which  we  are  entirely  indebted  to 
modern  chemistry,  is  contradicted  by  no  one  phenomenon.  The 
greater  the  extent  and  capacity  of  the  lungs,  the  more  frequent  is 
respiration,  and  the  greater  the  warmth  and  vivacity  of  animals. 
Birds,  whose  lungs  extend  into  the  abdomen,  by  various  membra- 
nous sacs,  and  whose  bones  are  hollow  and  communicate  with  the 
lungs,  consume  a  great  deal  of  oxygen,  either  on  account  of  the 
magnitude  of  this  respiratory  apparatus,  or  from  their  frequent, 
and,  at  times,  hurried  respiration.  On  that  account,  the  habitual 
temperature  of  their  body,  exceeds  that  of  man  and  mammiferous 
animals.  In  reptiles,  on  the  contrary,  whose  vesicular  lungs 
admit  but  a  very  small  quantity  of  blood,  and  present  to  the  atmos- 
phere a  surface,  of  very  limited  extent,  and  in  which  respiration  is 
performed  with  intervals  of  longer  duration,  the  body  is  at  a 
temperature  -which,  naturally,  never  rises  above  seven  or  eight 
degrees. 

Though  the  temperature  or  warmth  of  the  body  is 
generally  proportioned  to  the  extent  of  respiration,  to  the  quantity 
of  blood  exposed,  in  a  given  time,  to  the  net  ion  of  the  atmospheri- 
cal air,  it  may  be  higher  or  lower,  according  to  the' degree  of  the 
vital  energy  of  the  lungs.  These  organs  should  not  be  considered 
as  mere  chemical  receivers  ;  they  act  on  the  air,  digest  it,  as  the 
ancients  said,  and  combine  it  with  the  blood,  by  a  power  which 
is  peculiar  to  them.  If  it  were  otherwise,  there  Would  be  nothing 
to  prevent  a  dead  body  from  being  restored  to  life,  by  inflating 
with  oxygen  its  pulmonary  tissue.  The  ancients  alluded  to  this 
action  of  the  lungs  on  the  air  wc  breathe,  by  calling  that  air  tftW 
pabulum  vita.  Its  digestion  was,  they  thought,  effected  in  (he 
lungs,  in  the  same  manner  as  the  digestion,  in  the  stomach,  of  other 
aliments  kss  essential  to  life,  and  whose  privation  maybe  borne  for 
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.^.certain  time,  while  life  is  endangered,  when  Hie  aeriform  nutriment 
ceases  to  be  furnished  to  the  lungs,  for  the  short  space  of  a.  few 
minutes. 

In  proof  of  the  vitality  of  thelKngs,  and  of  the  share  -which  they 
have  in  producing  t he  changes  which  the  blood  undergoes  in  passing 
through  them,  i  may  mention  the  experiment  which  proves  that  an 
animal  placed  under  a  vesseJ  tilled  with  oxygen,  and  breathing  that 
gas  in  a  pure  state,  consumes  uo  more  of  it,  than  if  it  was  received 
into  the  chest,  mixed  with  other  gasses  unfit  for  respiration.  A 
guinea-pig,  placed  under  a  vessel  full  of  vital  air  and  of  known  ca.- 
pacity,  will  live  four  times  longer  than  if  thevessel  contained  atmos- 
pherical air.  No  remarkable  difference  is  at  first  perceived  in 
the  act  of  respiration,  but  if  the  auimal  remains  long  immersed  in 
the  oxygeu,  his  respiration  becomes  more  frequent,  his  circulation, 
more  rapid,  all  the  vital  functions  are  executed  with  more  energy. 
The  lungs  separate,  by  a  power  inherent  in  themselves,  the  two 
atmospherical  gasses,  and  this  process  is  effected  by  a  pretty  con. 
siderable  power,  for,  oxygen,  in  its  combination  with  the  blood,  is, 
with  difficulty,  separated  from  azote.  In  fact,  the  blood,  though 
in  thin  layers,  becomes  dark,  when  exposed  to  the  atmospheri- 
cal air. 

It  is  observed,  that  the  purity  of  the  air  contained  in  the  re- 
ceiver, is  the  more  readily  affected,  as  the  animal  placed  under  it 
is  younger,  more  robust,  and  as  his  lungs  are  more  capacious. 
Hence  birds,  whose  Jungs  are  very  large,  contaminate  a  consider- 
able quantity  of  air,  aijd  consume  more  quickly  its  respirable  part. 
A  frog,  on  the  contrary,  will  remain  a  considerable  lime,  in  the 
same  quantity  of  air,  without  depriving  it  of  its  oxygen. 

The  vesicular  lungs  of  that  reptile,  as  we'll  as  of  all  oviparous 
quadrupeds,  are  much  more  irritabje  than  those  of  warm-blooded 
animals:  they  appear  to  contract,  at  the  will  of  the  animal.  The 
frog  is  without  a  diaphragm,  attracts  the  air  into  its  lungs,  by 
swallowing  it  by  a  real  process  of  deglutition ,  as  was  proved  by 
Professor  Jtafu,  of  Copenhagen,  who  killed  those  animals  by  hold- 
ing their  jaws  asunder  for  a  certain  time.  They  reject  the  air  by  a 
contraction  of  the  lungs,  in  the  same  manner  as  In  man,  the  bladder 
empties  itself  of  urine. 

In  birds,  whose  diaphragm  Is  equally  membranous,  and  contains 
several  openings  to  transmit  the  air  into  the  pulmonary  appendices 
the  parietes  of  the  thorax  are  likewise  more  moveable  than  in 
man"  and  quadrupeds.    Their  pectoral  muscles  are  more  powerful, 
their  ribs  contain  a  joint  situated  in  the  middle  of  those  arclie 
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which  are  completely  ossified  in  that  class  of  animals ;  and  those 
two  portions  move  on  each  other,  forming,  at  their  point  of  union, 
angles  more  or  less  acute,  according  to  the  distance  of  the  sternum 
from  the  vertebral  column. 

A  numerous  class  of  cold-  red-blooded  animals,  viz.  fishes,  have 
no  lungs;  the  gills,  which  supply  their  place,  are  small  penniform 
lamina;,  generally  four  in  number,  situated  on  each  side,  at  the 
posterior  and  lateral  part  of  the  head,  covered  over  by  a  moveable 
lid,  to  which  naturalists  give  the  name  of  operculum.  The  water 
which  the  animal  swallows,  passes,  when  he  chooses,  through  the 
parietes  of  the  pharynx,  which  contain  several  pretty  considerable 
openings,  is  spread  over  the  gills  and  the  pulmonary  vessels  which 
are  distributed  in  them,  then  escapes  at  the  auricular  apertures, 
when  the  animal  closes  his  mouth,  and  raises  the  opercula.  It  is 
not  known,  whether  the  water  is  decomposed  and  yields  its  oxy- 
gen to  the  blood  which  circulates  in  the  gills,  or  whether  the 
small  qnantity  of  air  that  is  dissolved  in  the  water,  alone  serves  to 
vivify  the  pulmonary  blood.  The  latter  opinion  seems  the  most 
probable,  if  it  be  considered  that  a  fish  may  be  suffocated,  by 
closing  accurately  the  vessel  of  water  in  which  it  is  enclosed.  The- 
same  result,  might,  I  conceive  be  obtained,  by  placing  the  vessel 
under  the  receiver  of  an  air  pump,  so  as  to  exhaust  it  completely. 

Respiration,  which  is  completely  under  the  influence  of  the 
brain,  as  far  as  relates  to  its  mechanism,  is  less  dependent  upon  it, 
in  regard  to  the  action,  of  the  lungs  on  the  blood,  and  the  combi- 
nation of  that  fluid  with  oxygen,  which  is  the  essential  object  of 
that  function.  The  nerves,  however,  have  some  influence- 
on  that  function,  as  well  as  on  the  various  secretions,  in 
which,  according  to  Borden,  they  arc  of  first-rate  importance.  M. 
Dupuytren  ascertained  by  his  experiments,  that  the  division  of  the 
Cervical  portion  of  the  eighth  pair  of  nerves,  did  not  sensibly 
affect  respiration  ;  but  the  animal  died  with  all  the  symptoms  of 
asphyxia,  when  this  nerve  was  divided  on  both  sides.  Death 
took  place,,  in.  the  course  of  a  few  minutes,  when  the  experiment 
was  performed  on  horses.  Other  animals  did  not  die  so  soon  after  ; 
dogs,  fox  instance,  have  been  known  to  live  several  days  after  the 
experiment.  By  interrupting  the  communication  between  the 
lungs  and  the  brain,  we  paralyze  the  former  of  these  organs,  and 
it  ceases  to  convert  the  venous  into  arterial  blood.  This  fluid, 
conveyed  by  the  pulmonary  artery,  continues  of  a  dark  colour, 
when  "brought  to  the  left  cavities  of  the  hcai  t  ;  the  arteries  cont.v 
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the  bloo J  without  its  having  received  its  vivifying  principle,  m 
passing  through  the  lungs  which  arc  paralyzed,  by  having  their 
nerves  tied  or  divided.  It  is  easy  to  conceive  that  all  organs,  for 
want  of  the  stimulus  which  determines  their  action,  carry  on  their 
functions  imperfectly,  and  at  last  cease  to  act.  The  animal  heat  is 
likewise  lowered  a  few  degrees,  as  was  ascertained  by  the  above- 
mentioned  physician,  who  thinks  he  has  established  as  a  fact,  that 
the  ligature  of  the  nerves  of  the  lungs  does  not  destroy,  but  weak_ 
ens  the  vital  power,  which  enables  them  to  take  up  the  oxygen  and 
to  give  out  the  carbonic  acid.  The  brain,  therefore,  possesses  a 
double  influence  over  the  function  of  respiration  ;  on  the  one  hand, 
it  directs  its  mechanism,  by  means  of  the  nerves  which  it  sends  to 
the  diaphragm,  and  to  the  intercostal  muscles,  and  on  the  other 
hand,  it  is  through  the  nerves  which  arise  from  the  brain,  thai  the 
lungs  have  the  power  of  converting  dark  blood  into  arterial  blood,, 
which  is  the  principal  phenomenon  of  respiration. 

Experiments  performed  on  the  same  subject,  by  Dr.  Gal!ois, 
subsequent  to  those  I  just  related,  tend  to  throw  some  degree  of 
uncertainty  on  their  results.  Dr.  Gallois  repeated  these  experi- 
ments publicly,  in  my  presence,  and  at  the  society  of  the  Ecoli;  de 
Medecine  of  Paris.  After  dividing  the  two  nerves  of  the  eighth 
pair,  in  a  guinea-pig,  and  after  having,  by  that  process,  brought 
on  a  state  of  asphyxia,  he  restored  life  and  motion  to  the  animal, 
by  opening  the  trachea  at  its  anterior  part.  The  blood  of  the  ca- 
rotids, which  from  red  had  become  dark  the  moment  the  nerves 
were  divided,  recovers  immediately  its  red  colour,  the  motun  of 
respiration  is  restored,  and  the  animal  lives  several  days  after  the 
experiment.  Whence  does  this  dilference  arise;  does  the  didsion 
of  the  eighth  pair  bring  on  asphyxia,  by  occasioning  a  spasmodic 
constriction  of  the  glottis,  and  by  impeding,  or  even  completely 
obstructing  the  admission  of  the  atmospherical  air  ? 

LfXX  Vlll.  Of  animal  heat.  The  human  body,  which  i  habi- 
tually of  a  temperature  of  between  thirty-two  and  thirty-four  de- 
grees of  Reaumur's  thermometer,  preserves  the  same  degree  of 
warmth  under  the  frozen  climate  of  the  polar  region,  as  weB  as  un- 
der the  burning  atmosphere  of  the  torrid  zone,  during  He  most 
severe  winters  and  the  hottest  summers.  Nay  further,  th«  expe- 
riments of  Blagden  and  PVdyce  in  England,  and  of  Duhamel  and 
Titlet  in  France,  shew,  that  the  human  body  is  capable  of  endur- 
ing a  degree  of  heat  sufficient  to  bake  animal  substances.  The 
Fellows  of  the  Academy  of  Sciences,  saw  two  girls  enter  i|to  an 
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,ovcn,  in  which  fruits  and  animal  substances  were  being  baked  ; 
■Reaumur's  thermometer  which  they  took  in  with  them,  stood  at 
150  degrees;  they  remained  several  minutes  in  the  oven,  without 
suffering  any  inconvenience. 

Al!  Jiving  bodies  have  a  temperature  peculiar  to  themselves,  and 
independent  of  that  of  the  atmosphere.  The  sap  of  plants  does 
not  freeze,  when  the  thermometer  stands  only  at  a  few  degrees 
below  zero  ;  on  placing  the  bull*  of  a  thermometer  in  a  hole  in  the 
trunk  of  a  tree,  during  winter,  the  fluid  sensibly  rises.  Now, 
three  circumstances  remain  to  be  investigated:  in  the  first  place, 
what  produces  in  living  bodies,  this  inherent  and  independent 
temperature?  In  the  second  place,  how  do  these  bodies  resist  the 
admission  of  a  greater  degree  of  heat,  than  that  which  is  natural  to 
them?  What  prevents  caloric,  which  has  a  perpetual  tendency  to 
a  state  of  equilibrium,  from  passing  into  a  body  surrounded  by  a 
burning  atmosphere?  Lastly,  how  does  a  body  which  resists  the 
influence  of  heat,  withstand  equally,  the  destructive  influence  of 
an  excessive  degree  of  cold. 

LXXIX.  Caloric,  In  a  latent  state,  or  in  combination  with 
bodies,  is  disengaged  from  them,  whenever  they  assume  a  different 
state;  when,  from  a  gazeous  form  they  become  liquid  ;  or  when 
iron  being  liquid,  they  become  solid.  Now,  living  bodies  arc  a 
kin!  of  laboratories  in  which  all  these  changes  are  perpetually 
goug  on;  the  blood  which  circulates  in  every  part  of  the  human 
frane,  is  constantly  receiving  supplies  of  fresh  materials  ;  from  the 
thoracic  duct  which  pours  into  it  the  chyle,  abounding  in  nutritious 
particles  ;  from  respiration  which  imparts  to  it  an  aeriform  princi- 
ple obtained  frqm  the  atmosphere;  and  even,  in  some  cases,  from 
cutaneous  absorption,  through  which  different  elements  are  receiv. 
ed  into  it.  All  these  different  substances  carry  along  with  them 
5nfo  the  blood,  a  certain  quantity  of  caloric,  which  is  combined 
with  them,  and  which  is  disengaged  during  the  changes  which  they 
undergo,  from  the  influence  of  the  action  of  the  organs,  and  gives 
t>ut  its  caloric  to  the  parts  among  which  it  is  disengaged.  Of  all 
the  principles  in  the  blood,  which  have  the  power  of  communica- 
ting heat  to  the  organs,  none  furnishes  a  greater  quantity  than  oxy- 
gen, which,  during  respiration,  combines  with  the  blood  in  (he 
lungs.  Gazeous  substances,  it  is  well  known,  contain  most  com- 
bined caloric  ;  their  state  of  elastic  fluidity,  is  entirely  owing  to 
the  accumulation  of  that  principle,  and  they  part  with  it,  when 
from  any  cause  whatever,  (bff  become  liquid.    It  is  on  that  acr 
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*-ount,  that  the  heat  of  bodies  is  greater,  the  more  they  have  the- 
power  of  impregnating  their  fluids  with  a  considerable  quantity  of 
t»\\  gen  from  the  atmosphere.  For  the  same  reason,  as  was  already 
observed,  hi  animals  that  have  cellular  lungs,  and  a  heart  w  ith  two- 
ventricles,  the  blood  is  of  the  same  temperature  as  iu  man  ;  and  such 
animals  beloug,  as  well  as  man,  to  the  great  class  of  warm-  red. 
blooded  animals;  a  class  in  which  birds  occupy  the  first  place, 
from  the  vast  extent  of  their  lungs,  which  reach  into  the  abdomen, 
and  communicate  with  the  principal  bones  of  the  skeleton.  The 
capacity  of  the  pulmonary  organ  of  birds,  is  not  the  only  cause  why 
their  temperature  is  eight  or  ten  degrees  higher  than  that  of  man  ; 
this  increase  of  temperature  depends,  likewise,  on  the  greater 
frequency  of  their  respiration,  and  on  the  velocity  of  their  pulse  ; 
on  the  quickness  and  multiplicity  of  their  motions,  and  on  the  vital 
activity  which  animates  them.  In  reptiles  which  haive  vesicular 
lungs,  and  a  heart  with  a  single  ventricle,  whose  respiration  is. 
slow,  and  performed  at  distant  intervals,  the  blood,  though  red,  is 
of  very  inferior  temperature  to  that  of  man.  They  have,  from 
that  circumstance,  been  called  cold-  red-blooded  animals  ;  this  nu- 
merous class  includes  fishes,  which  possess  an  organ  supplying  but 
imperfectly  the  office  of  lungs.  Iu  fishes,  the  heart  which  has  but 
a  single  ventricle,  sends,  it  is  true,  to  the  gills  (the  organ  supply- 
ing the  place  of  lungs  is  so  called)  the  whole  of  the  blood  ;  that 
fluid,  however,  is  but  imperfectly  vivified  in  the  gills,  on  account 
of  the  small  quantity  of  air  which  can  be  taken  in  during  the  act  of 
respiration.  Lastly,  in  white-blooded  animals  and  in  plants,  the 
combinations  with  the  air  being  more  difficult,  the  vital  energy  less, 
marked,  the  temperature  differs  only  by  a  few  degrees,  from  that 
of  the  atmosphere,  and  they  do  not  endure  heat  or  cold,  so  well  as 
the  more  perfect  animals. 

The  lungs,  as  was  before  observed,  consuming  only  a  certain 
quantity  of  air,  there  is  no  increase  of  temperature,  however  great 
the  quantity  of  oxygen  contained  in  the  atmosphere  that  is  breath- 
ed, as  a  man  who  should  take  a  double  quantity  of  aliment,  could 
not  receive  more  nourishment,  than  if  he  contented  himself  with 
the  quantity  of  food  proportioned  to  his  wants;  for,  as  the  di- 
gestive organs  can  extract  only  a  certain  quantity  of  chyle,  the 
quantity  of  recrementitious  tnatler  Would  only  be  greater,  if  uiore 
than  the  due  quantity  of  food  were  received  into  the  stomach. 
Hence  the  common  sayirtg,  that  nourishment  comes  from  what  v>  u 
digest  and  not  from  what  \ve  eat. 
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The  pulmonary  organ  may,  however,  act  on  the  air,  with  differ- 
ent dc-grees  of  power,  in  rohbing  it  of  its  oxygen  ;  and  when  the 
body  becomes  of  an  icy  coldness,  in  certain  nervous  and  convulsive 
affections,  this  cold  may  depend  as  much  on  the  atony  of  the  lungs, 
and  on  the  spasmodic  condition  of  the  chest,  which,  dilating  with 
difficulty,  does  not  admit  the  air  readily,  as  on  the  spasm  and  ge- 
neral insensibility  of  the  organs,  which  allow  the  blood  to  pass 
without  affecting  its  component  parts.  It  would  be  curious  to  as- 
certain, whether  the  air  expired  from  the  lungs  of  a  cataleptic, 
contains  more  oxygen,  is  less  impaired,  and  contains  a  smaller  quan- 
tity of  carbonic  acid  than  the  breath  of  a  sound  active  adult.  Per- 
haps it  would  be  found,  that  in  catalepsy  and  other  similar  affec- 
tions, the  blood  does  not  part  with  its  hydrogen  and  carbon,  that 
it  retains  its  colouring  principles,  and  the  different  materials  of  the 
urine,  which  is  voided  in  a  colourless  and  limpid  state,  insipid  aud 
without  smell,  aud  iu  the  condition  of  a  mere  serosify. 

The  temperature  of  the  body  is  produced,  not  only  by  the  pul- 
monary aud  circilatory  combinations;  it  is  besides  developed  in 
several  organs,  in  which  fluid  or  gazeous  substances  become  solid, 
by  parting  with  a  portion  of  their  caloric.  Thus  digestion,  parti- 
cularly of  certain  kinds  of  food,  is  an  abundant  source  of  caloric  ; 
the  skin  which  is  habitually  in  contact  with  t lie  atmosphere,  decom- 
poses it  and  deprives  it  of  its  caloric. — Lastly,  caloric  is  produced 
and  evolved  in  all  parts  whose  molecules,  affected  by  a  double  mo- 
tion in  consequence  of  which  they  are  incessantly  being  formed 
and  decomposed,  by  changing  their  condition  and  consistence  ab- 
sorb or  disengage  more  or  less  caloric.  The  great  activity  of  the 
power  of  assimilation  in  children,  is,  no  doubt,  the  cause  of  the  ha- 
bitually high  temperature,  at  that  period  of  life.  The  temperature 
of  the  body  is  not  only  one  or  two  degrees  higher  at  that  period  of 
life;  but  young  people,  after  death,  preserve,  for  a  longer  period, 
the  remains  of  vital  heat ;  or  rather,  as  tonicity  does  not  so  soou 
forsake  the  capillary  vessels,  life  departing  reluctantly,  the 
combinations  from  which  caloric  is  evolved,  continue  some  time, 
even  after  it  is  extinct.  For  the  same  season,  the  bodies  of  per- 
sons that  have  died  suddenly,  retain  their  warmth,  long,  while  an 
icy  coldness  seizes  the  bodies  of  those  who  have  died  of  a  lingering 
disease,  from  the  slow,  gradual  and  total  abolition  of  the  powers 
of  life. 

Calorification,  or  the  disengaging  of  animal  heat,  like  nutrition, 
takes  place  at  all  times,  aud  may  be  considered  as  belonging  to  all 
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•fcrgaris.  It  was  of  the\ilmost  consequence,  (hat  the  intonial  tem- 
perature of  the  human  body  should  be  nearly  the  same  at  all  times. 
jPcfrj  let  us,  for  one  moment,  suppose,  that  the  temperature  of  the 
blood  should  rise  to  fifty  degrees  of  Reaumur's  thermometer,  its 
albuminous  parts  would  suddenly  coagulate,  obstruct  all  the  ves-> 
><.!>.  interrupt  the  circtdatrou  and  destroy  life.  When,  therefore, 
from  an  increased  activity  of  the  nutritive  combinations,  a.  greater 
quantity  of  heat  is  disengaged,  tht  animal  economy  parts  with  it, 
and  it  is  taken  up,  in  greater  quantity,  by  the  surrounding  bodies. 
This  accounts  for  the  equality  of  the  temperature  of  the  internal 
parts  of  the  body,  in  old  people  and  iu  children,  notwithstanding 
the  difference  of  th-eir  temperature  externally.  The  difference 
consists  in  this,  that  where  most  caloric  is  produced,  most  is  given, 
out,  and  though  the  blood  and  urine  in  old  people,  as  well  as  in 
the  young,  are  at  thirty-two  degrees,  what  a  difference  is  there  not, 
between  the  hot  and  penetrating  perspiration  which  is  poured  in 
abundance,  from  the  child,  and  the  dryness  and  coldness  of  the 
skin  in  old  people  ;  between  the  sweet  and  warm  breath  of  the 
former,  and  the  frozen  breath  of  the  latter  !  Hence  the  opinion 
so  generally  received  and  of  such  antiquity,  that  old  people  are 
benefited  by  cohabiting  with  the  young.  Thus,  we  are  told,  that 
1  id  had  a  young  virgin  brought  to  him,  that  lie  might  lie  with 
her,  Rod  get  heat  in  his  limbs  that  were  stiffened  with  years. 

If  it  be  true,  that  in  the  very  act  of  nutrition,  which  converts 
our  lluids  into  solids,  there  is  disengaged  a  considerable  quantity 
of  caloric;  the  motion  of  nutritive  decomposition, 'by  which  our 
solids  are  converted  into  liquids,  must  cause  an  equal  quantity  of 
heat  to  be  absorbed.  The  objection  is  a  very  strong  one,  and  not 
easily  got  over;  it  may  be  answered,  by  observing,  that  all  living 
bodies,  from  the  instant  of  their  formation,  contain  a  certain  quan. 
tity  of  caloric  which  they  retain,  so  that  this  double  process  of 
acquiring  heat  and  parting  with  it,  the  unavoidable  result  of  nutri- 
tive composition,  and  decomposition,  merely  keeps  up  an  equili- 
brium and  maintains  the  same  degree  of  temperature. 

The  blood  which  becomes  saturated  with  oxygen,  in  the  capil- 
laries of  the  lungs,  parts  with  that  principle,  and  disengages  its 
caloric,  throughout  the  capillary  vessels  of  the  whole  body,  of 
which  each  organ  must  set  free  a  greater  quantity,  in  proportion 
to  the  activity  of  the  living  principle,  and  to  the  rapidity  of  the 
circulation.  The  parts  through  which  the  greatest  number  of  ves 
fiels  circulate,  perhaps  give  out  most  caloric,  aud  communicate  a. 
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portion  of  it  to  the  organs,  which  receive  but  a  small  quantity  of 
blood,  as  the  bones,  the  cartilages,  &c.  It  is  easy  to  understand, 
why  an  inflamed  part,  through  which  the  blood  circulates  with 
more  rapidity,  and  whose  sensibility  and  contractility  are  much 
increased,  is  manifestly  hotter  to  the  feel  of  the  patient  and  of  the 
physician,  though,  as  was  observed  by  John  Hunter,  a  thermome- 
try applied  to  the  inflamed  part,  shews  a  scarcely  perceptible  in- 
crease of  temperature.  He  injected  into  the  rectum  of  a  dog,  and 
into  the  vagina  of  an  ass,  a  strong  solution  of  oxymuriale  of  mer- 
cury. Acute  inflammation  came  on,  the  swollen  mucous  membrane 
formed,  externally,  a  considerable  projection.  Blood  flowed  from 
the  torn  capillaries,  yet  the  thermometer  rose  very  slightly,  only 
one  degree  of  Farenheit's.  But  flowcver  slight  that  increase  of 
heat  in  the  inflamed  part,  it  is  very  sensibly  felt,  on  account  of  the 
extreme  sensibility  of  the  organ,  whose  vital  properties  are  all  in- 
creased. The  liveliness  of  impressions  being  proportionate  to  the 
degree  of  the  power  of  sensation,  one  need  not  wonder  that  the 
patient  should  experience  a  sensation  of  burning  heat,  in  a  part  in 
which  the  thermometer  indicates  no  increase  of  temperature,  in 
which  it  cannot  be  perceived  even  by  the  touch.  I  have  just  felt 
a  young  man's  hand,  that  is  swollen  from  chilblains;  though  the 
pain  which  he  feels  in  it,  seems  to  him  to  be  occasioned  by  an  accu- 
mulation of  caloric;  his  hand  is  colder  than  mine,  which  is  of  the 
same  degree  of  warmth  as  the  rest  of  my  body,  and  in  which  I  have 
no  peculiar  sensation.  It  may,  therefore,  be  laid  down  as  an  axiom> 
that  the  real  or  thermometrical  increase  of  heat  is  inconsiderable 
in  inflammation,  but  that  it  is  intensely  felt,  in  consequence  of  the 
increase  of  sensibility. 

What  is  the  reason,  that  during  the  cold  fit  of  a  febrile  paroxysm, 
a  sensation  of  excessive  cold  is  felt  in  a  part  in  which  no  diminu- 
tion of  heat  can  be  discovered  by  the  touch  ?  Whence  comes  the 
burning  heat  which  attends  inflammatory  fever  ( causos )  ?  What  is 
the  cause  of  the  difference  of  the  sensations  attending  the  heat  of 
erysipelas,  bilious  fevers  and  phlegmon,  kc.  ?  These  various  sen- 
sations are  owing  to  the  different  modifications  of  sensibility  in 
these  different  diseases.  Should  this  explanation  appear  unsatis- 
factory, let  it  be  recollected,  that  however  accurate  the  calcula. 
tions  may  be,  that  have  been  made  on  the  subject  of  caloric  or  of 
the  matter  of  heat,  the  existence  of  caloric  itself  is  hypothetical, 
and  that  it  is  not  known,  whether  caloric  is  a  body,  or  whether 
heat  is  merely  a  property  of  matter.        _  . 
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LXXX.  If  we  now  inquire  into  the  causes  which  enable  the 
bo.lv  to  resist  the  admission  of  a  degree  of  heat  superior  to  that 
which  habitually  belongs  to  it,  Me  shall  be  compelled  to  admit,  in 
all  living  bodies,  a  power  by  means  of  which  they  repel  an  excess 
of  heat,  and  retain  the  same  temperature.  Cutaneous  perspiration, 
it  is  true,  acts  very  powerfully  in  lowering  the  temperature,  and  as 
This  evaporation  increases  with  the  temperature,  it  should  seem  as 
if  this  function  sufficed  to  moderate  the  heat  of  the  body,  and  to 
restore  the  equilibrium. 

It  is  a  fact  known  since  the  time  of  Cullen.*  that  the  evapora- 
tion of  fluids,  or  their  solution  in  the  air,  is  the  most  powerful 
means  of  cooling  bodies,  and  that  the  mercury  in  the  bulb  of  a  ther- 
mometer, may  be  frozen  merely  by  moistening  it  with  aether,  spi- 
rits of  wine,  or  any  other  volatile  substance,  and  then  exposing  it 
to  a  dry  and  warm  air. — This  method  is  equally  successful  in  its 
■application  to  the  human  body,  and  the  hands  may  be  cooled  to 
such  a  degree,  as  to  feel  benumbed,  by  bt-ing  frequently  wetted 
with  a  spirituous  fluid,  and  by  being  moved  in  a  dry  aud  renewed 
air.  Bat  though  cutaneous  perspiration  operates  in  a  somewhat 
similar  manner,  and  though  it  may  be  ranked  among  the  means 
whichnature  employs  to  preserve  the  animal  temperature  in  a  nearly 
uniform  state,  it  must  however  be  confessed,  that  it  is  not  the  only 
way  in  which  this  object  is  accomplished,  and  that  it  does  not  satis- 
factorily account  for  tliis  phenomenon,  for,  the  evaporation  of  the 
fluids  contained  in  dead  animal  substances,  does  not  prevent  their 
being  roasted  on  the  application  of  heat,  and  besides,  fishes  and 
frogs  have  been  known  to  live  aud  retain  their  temperature  in  mi- 
neral waters,  nearly  of  a  boiling  heat.+ 

I  thought  it  right  to  repeat  these  experiments,  and  with  this  view, 
I  placed  living  frogs  in  a  vessel  containing  water  at  fifty  degrees 
•of  temperature,  and  on  taking  them  out,  at  the  end  of  ten  minutes, 
I  ascertained  that  they  were  not  so  hot  as  the  liquid,  nor  as  pieces 
of  flesh  which  had  been  put  into  it  at  the  same  time. 

♦  This  celebrated  physician  made  this  discovery  about  forty  years  ago,  which 
bM  thrown  much  light  on  several  physico-chemical  phenomena,  and  he  publish- 
ed it  in  a  dissertation  entitled  :  "Of  the  cold  produced  by  evaporating  fluidi,  and 
of  some  other  means  of  producing  cold,  by  Dr.  W.  Cullen." 

^  See  SonneraVs  voyage  to  the  L'.is/  Indies. 
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We  cannot  admit  the  opinion  of  Grimaud,  that  Krfifig  bod.c  . 
have  the  power  of  producing  cold  :  for,  as  cold  is  merely  the  ab- 
sence of  heat,  one  cannot  allow  a  positive  existence  to  a  negative 
being. 

Habit  has  a  remarkable  influence  on  the  facul-fy  which  the  body 
possesses,  of  bearing  a  degree  of  heat,  much  exceeding  that  which 
is  natural  to  it.    Cooks  handle  burning  coals  with  injptmitv; 
workmen  employed  in  forges,  leave  the  mark  of  their  fret  on  the 
burning  and  liquid  metal,  at  the  moment  when  it  becomes  solid  by 
cooling.    Many,  no  doubt,  recollect  the  too  famous  instance  of  a 
Spaniard,  who  became  so  general  a  subject  of  conversation  in  Paris  : 
this  young  man,  in  making  his  way  throngh  a  hou?e  on  fire,  perceiv- 
ed that  the  heat  was  less  inconvenient  to  him  than  he  had  imagined. 
He  applied  himself  to  bear,  with  impunity,  the  action  of  lire,  and 
•was  enabled  to  apply  to  his  tongue  a  spatula  heated  red  hot,  and 
to  apply  the  soles  of  his  feet  and.  the  palms  of  his  hands  on  a  red 
hot  iron,  or  on  the  surface  of  boiling  oil.    Nothing  can  equal  the 
absurdity  and  the  exaggeration  of  the  stories  that  were  told  of  this 
man,  except  the  ignorapce  and  the  want  of  veracity  of  those  who 
inverted  them. — The  following  is  a  correct  statement  of  the  feats 
of  this  man,  who  was  represented  as  incombusiible  and  insensible. 
He  passes  rapidly  along  the  surface  of  his  tongue,  which  is  covered 
with  saliva,  a  red  hot  spatula,  the  action  of  which  seems  merely  to 
dry  it,  by  bringing  on  an  evaporation  of  the  fluids  with  which  it  is 
covered.    After  carrying  the  spatula,  from  the  base  to  the  tip  o.f 
his  tongue,  he  brings  it  back  again  into  his  mouth,  and  applies  it  to 
his  palate,  to  which  it  communicates  apart  of  its  heat,  at  the  same 
time  that  it  becomes  moistened  with  saliva..    This  man  having,  in  a 
public  exhibition,  carried  on,  too  long,  the  application  of  the  spa- 
1  ula,  the  caustic  effects  pf  its  heat  shewed  themselves,  the  epulermis 
was  detached,  and  found  coiled,  like  the  outer  covering  of  an  oni- 
on, in  the  cloth  which  he  used  to  wipe  his  mouth.    He  does  not  dip 
his  hands  and  feet  in  boiling  oil,  he  merely  applies  to  the  surface  of 
the  fluid,  his  palms  and  his  soles,  and  he  repeats  this  frequently, 
with  only  a  short  interval  between  each  application.    "When  the 
expeiiment  is  canied  on,  for  a  certain  length  of  time,  there  is 
emitted  a  smell  of  burnt  horn.    No  one  has  yet  observed,  that 
though  this  man's  hands  are  not  callous^  the  palms  of  these,  and 
the  soles  of  his  feet  are  cushioned  with  fat.    A  thick  layer  of  fat, 
■which  is  a  bad  conductor  of  heat,  separates  the  skin  from  the  sub- 
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jaccat  aponeuroses  and  nerves  ;  this  circumstance,  to  a  certain  de- 
gree, accounts  for  his  imperfect  sensibility.  > 

Wis  pulse,  during  those  experiments,  was  about  a  hundred  and 
twenty;  the  perspiration  evidently  increased,  and  sometimes  co- 
pious. Every  part  of  his  body  possesses  the  ordinary  degree  of 
sensibility,  may  be  destroyed  by  the  protracted  application  of 
caustic  substances,  and  would  be  consumed  by  tire,  if  applied  for 
a  sufficient  length  of  time,  and  nitric  acid  would  infallibly  destroy 
his  tongue  if  he  took  any  into  his  mouth,  as  it  has  been  said  he 
did.  This  man,  therefore,  in  no  one  respect  departs  from  the 
known  laws  of  the  animal  economy,  but,  on  the  contrary,  affords 
an  additional  proof  of  the  influence  of  habit  on  our  organs. 

LXXXI.  Before  bringing  to  a  conclusion  this  article  on  animal 
heat,  it  remains  for  me  to  explain  how  the  body  resists  cold,  and 
preserves  its  temperature,  in  the  midst  of  a  frozen  atmosphere. 
This  cannot  be  accomplished  without  an  increase  of  activity  in  the 
organs,  it  is  only  by  augmenting  the  sum  of  the  combinations  by 
which  caloric  is  disengaged,  that  we  can  succeed  in  making  up  for 
the  loss  of  that  principle  so  necessary  to  our  existence. — YY  hat  is 
the  reason  that  in  cold  weather,  digestion  is  more  active  ( IJienio 
rerd  venires  sunt  culidiores.  Hipp.),  the  pulse  stronger  and  more 
frequent;  and  the  vital  energy  greater  ?  It  is  because  heat  comes 
from  the  same  source,  and  is  produced  by  the  same  mechanism  as 
the  nutrition  of  the  organs;  and  that  its  evolution  may  go  on  in- 
creasing, it  is  necessary"  that  the  secretions,  nutrition,  in  a  word, 
all  the  vital  functions,  should  increase,  in  the  same  proportion. 

Observe,  for  a  moment,  a  man  who  is  exposed  to  a  moderate 
degree  of  cold,  he  feels  more  activity,  more  strength,  and  is  more 
nimble,  he  walks  and  exerts  himself,  the  most  violent  exertions  do 
not  appear  to  him  laborious,  he  struggles  against  the  disadvantages 
of  the  debilitating  influence  ;  and  provided  the  cold  is  not  excessive 
and  the  body  tolerably  vigorous,  there  is  disengaged,  within  himself, 
a  sufficient  quantity  of  caloric  to  make  up  for  the  loss  of  that  which 
is  caiied  off  by  the  air  and  the  surrounding  bodies.  These  general 
effects  of  cold  are  not  disproved  by  what  happens,  when  only  a  part 
of  the  body  is  exposed  to  it.  Supposing  the  temperature  a  few  degrees 
below  zero,  there  is  felt,  at  first,  a  sensation  of  cold  much  more 
inconvenient,  caateris  paribus,  than  if  it  acted  on  a  more  extensive 
Mirlace.  The  spot  on  which  the  cold  air  acts,  becomes  affected 
v.i.'h  a  painful  sense  of  pricking,  reddens,  then  inflames;  and  in 
this  cas*..  inflammation  is  evidently  the  result  of  a  salutary  effort  of 
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«ahire  which  determines  into  the  inflamed  part,  an  excess  of  the 
vital  principle,  so  that  the  quantity  of  heat  that  is  disengaged  may 
correspond  to  that  which  has  been  abstracted.  The  effort  of  this 
•conservatory  principle  is  more  marked,  than  if  the  whole  surface  of 
the  body  were  at  once  exposed  to  cold,  because,  acting  wholly  on 
a  limited  point,  of  small  extent,  itoperates  with  more  intensity. 

Beyond  a  certain  degree,  however,  nature  in  vain  struggles 
against  cold;  if  severe,  and  if  the  creature  exposed  to  it,  have  not 
the  power  of  sufficient  reaction,  the  part  becomes  purple  and  be- 
numbed from  the  loss  of  its  caloric,  vitality  ceases,  and  it  mortifies ; 
and  if  the  whole  body  is  equally  exposed  to  the  influence  of  cold, 
the  person  is  benumbed,  feels  a  stiffening  of  his  limbs,  stammers,  and 
overpowered  by  an  irresistible  propensity,  yields  to  a  sleep  which 
inevitably  emls  in  death.  By  yielding  thus  to  the  illusive  sweets 
of  a  perfidious  sleep,  many  travellers  have  perished  after  losing 
their  way,  in  the  mountains  of  the  old  and  of  the  new  world. 
Thus,  two  thousand  soldiers  of  Charles  the  twelfth's  army  perished, 
during  a  siege,  in  the  severe  winter  of  1709. 

To  resist  the  effects  of  cold,  a  certain  degree  of  strength  and  vi- 
gour is  therefore  necessary  ;  it  is  consequently  very  injudicious 
to  recommend  the  cold  bath  to  very  young  children,  to  delic  ate  and 
nervous  women,  to  persons  whose  constitution  is  not  capable  of  a 
sufficient  reaction.  The  evil  attending  the  injudicious  use  of  this 
remedy  in  the  cases  that  have  just  been  enumerated,  jnstifie6  the 
apparently  singular  terms  in  which  Galen  expressed  himself:  "Let 
the  Germans  {says  this  first  of  physiologists)  let  the  Sarmaiians, 
those  northern  nations  as  barbarous  as  bears  and  lions,  plunge 
their  children  in  frozen  water;  what  I  write  is  not  intended  for 
them." 

On  the  other  hand,  if  it  be  recollected,  that  there  is  within  us  a 
power  of  reaction,  which  increases  with  use,  that  motion  strength- 
ens our  organs,  it  will  be  readily  understood,  that  cold  acts  as  a 
tonic,  whenever  it  is  not  applied  to  such  a  degree,  as  to  extinguish 
the  vital  power. 

The  manner  in  which  enlightened  physicians  have,  at  all  times, 
prescribed  the  cold  bath,  shews  that  they  were  acquainted  with 
this  tonic  effect  depending,  not  on  the  application  of  cold,  which 
in  itself  is  debilitating,  but  on  the  reaction  which  it  occasions. 
Hence  along  with  the  cold  bath,  they  are  in  the  habit  of  recom- 
mending exercise,  a  generous  wine,  bark,  nutritious  food,  and  an 
analeptic  regimen,  calculated  to  excite  a  salutary  reaction. 
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LXXXII.  Auimal  heat  is,  therefore,  produced  by  the  combina- 
tions  of  our  fluids  and  solids  in  the  process  of  nutrition  ;  it  is  a 
function  common  to  all  the  organs,  for,  as  they  all  nourish  them- 
selves, so  theyall  disengage,  more  or  less, the  caloric  combined  with 
the  substances  which  they  apply  to  their  nutrition. 

Though  we  are  without  precise  information  respecting  the 
maimer  in  which  a  living  body  resists  the  admission  of  a  degree  of 
heat  exceeding  that  which  is  natural  to  it,  one  may  consider  cu- 
taneous exhalation,  which  is  increased  by  the  use  of  heating  sub- 
stances, as  the  most  powerful  means  employed  by  nature  to  get  rid 
of  the  excess  of  heat,  and  to  restore  the  equilibrium. 

Lastly,  the  body  resists  cold,  because  the  organs  being  rendered 
more  active  by  cold,  there  is  disengaged  a  quantity  of  caloric  equal 
to  that  which  is  carried  off  by  the  air,  or  by  the  other  substances 
with  which  the  body  happens  to  be  in  contact. 

LXXXIII.  The  rapidity  of  the  circulation  of  the  blood 
through  the  lungs,  is  equal  to  the  velocity  with  which  it  flows 
in  the  other  organs.  For,  if  on  the  one  hand,  the  parietes  of  the 
right  ventricle  and  of  the  pulmonary  artery,  are  weaker  and  thin- 
ner than  those  of  the  left  ventricle  and  aorta,  the  lungs,  from  their 
soft,  easily  dilated,  and  spungy  texture,  are  the  most  easily  pene- 
trated by  fluids  of  all  our  organs. 

The  right  ventricle  sends  into  the  lungs  a  quantity  of  blood, 
equal  to  that  which  each  contraction  of  the  left  ventricle  propels, 
into  the  aorta,  and  it  is  not  necessary  to  adopt  the  opinion  of  M. 
Kruger,  that  each  contraction  of  the  heart  sends  into  the  lungs  and 
into  the  rest  of  the  body  an.  equal  quantity  of  blood,  for,  in  that 
case,  the  circulation  would  have  been  much  slower,  the  length  of 
the  lungs  being  much  shorter  than  the  whole  body.  Nor  need  we 
say,  with  Boerhaave,  that  this  circulation  is  much  more  rapid,  be- 
cause the  same  quantity  of  blood  returns  by  the  extremities  of  the 
pulmonary  artery,  and  of  all  the  other  arteries  of  the  body. 

The  extension  of  the  pulmonary  tissue,  the  straightening  of  its 
vessels  are,  no  doubt,  favourable  to  the  circulation  of  the  blood, 
but  if  the  admission  of  air  did  not  answer  a  different  pnrpose,  the' 
circulation  would  not  be  indispensably  necessary.  The  blood  flows 
from  the  tight  into  the  left  cavities  of  the  heart,  not-withstanding 
the  collapse  of  the  lungs  and  the  creases  of  their  vessels.  The  air 
which  penetrates,  at  all  times,  into  the  lungs',  supports  their  tissue' 
and  the  vessels  which  are  distributed  to  it,  so  that  even  during  ex- 
piration, the-  vessel? arc  much  less  creastd,  than  has  been  imagined i 


by  several  physiologists.  But  the  changes  produced by  the  contact 
of  the  atmosphere,  renovate  this  iluid,  and  tit  it  to  re-excite  and 
keep  up  the  action  of  all  the  orgaus,  which  require  to  be  stimulated 
by  arterial  blood.  If  you  make  a  living  animal  breathe  de-oxy- 
genated air,  the  blood  undergoes  no  change  by  its  pulmonary  cir- 
culation :  the  left  cavities  of  the  heart  are  no  longer  duly  irritated 
by  this  fluid,  which  preserves  all  its  venous  qualities;  their 
action  becomes  languid,  and  with  it  that  of  all  the  organs;  and 
in  a  little  while,  it  ceases  altogether.  It  is  revived  by  introducing 
pure  air,  through  a  tube  fitted  to  the  trachea  :  all  the  parts  seem 
to  awake  out  of  a  sort  of  lethargic  sleep  :  in  which  they  are  again 
immersed,  by  depriving  the  lungs  anew  of  the  vital  air. 

The  chyle,  mixed  in  great  quantity  with  the  venous  blood,  un- 
dergoes, itt  its  passage  through  the  heart  and  the  sanguineous 
system,  a  more  violent  agitation:  its  molecules  are  struck  together^ 
break  on  each  other,  and,  thus  attenuated,  become  more  perfectly 
intermingled  :  in  its  passage  through  the  lungs,  a  great  part  of  this 
recrementitious  fluid  is  deposited  by  a  sort  of  internal  perspiia- 
tion,  in  the  parenchymatous  substance  of  these  viscera.  Oxydated 
by  the  contact  of  the  air,  re.-absorbed  by  a  multitude  of  inhalant 
vessels,  it  is  carried  into  the  bronchial  glands,  which  are  found 
blackened  by  what  it  there  deposits  of  carbonic  and  fuliginous 
matter.  Purified  by  this  elaboration,  it  returns  into  the  thoracic 
duct,  which  pours  it  into  the  subclavian  vein,  whence  it  soon  re- 
turns to  the  lungs,  to  be  there  anew  subjected  to  the  action  cf  the 
atmosphere :  so  that  there  is  effected,  through  these  organs,  a  real 
lymphatic  circulation,  of  which  the  object  is  to  bring  ou  the  chyle 
to  a  higher  decree  of  animalization. 

LXXX1V.  Of  pulmonary  exhalation.  It  will  be  remem- 
bered, that  one  of  the  great  dilfereuc.es  between  the  blood  of  the 
arteries,  and  that  of  the  veins,  consists  in  the  great  quantify  of 
serum  found  in  this  last.  It  is  in  the  lungs  that  the  separation  of 
this  aqueous  part  takes  place,  and  that  its  proportion  is  reduced, 
whether  it  be,  that  oxygen  gives  albumen  and  gelatiue  a  greater  ten- 
dency to  concrete,  or  that  the  serum,  formed  by  the  Dxation  of  oxy- 
gen throughout  the  whole  extent  of  the  circulatory  system,  exhales 
from  the  arteries,  and  thus  furnishes  the  matter  of  pulmonary  ex- 
halation. It  is  scarcely  possible  to  admit  the  combination  of 
oxygen  with  the  hydrogen  of  the  venous  blood,  and  that  water 
is  thus  formed  from  its  elements,  as  happens  when  storm*  are 
gathering- in  the  high  regions  of  the  atmosphere.    If  a  similar 
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b'rocess  can  be  carifed  on  in  the  lungs,  without  producing  defla- 
gration and  the  various  phenomena  attending  the  production  of 
aqueous  meteors,  it  is  probable,  that  it  furnishes  but  a  small  part 
of  the  exhalation  ;  aud  that  this  humour,  analogous  to  the  serum 
of  the  blood,  exhales,  completely  formed,  from  the  arterial  capil- 
laries ramified  in  the  brouchix  and  the  lobular  tissue  of  the  lungs. 
It  is  believed,  that  the  quantity  of  the  pulmonary  exhalation  is 
equal  to  that  o'f  the  cutaneous  exhalation  '(four  p6unds  in  twenty 
four  hours).  These  two  secretions  are  supplemental  to  one 
another:  when  much  water  passes  off  by  the  pulmonary  exh'ala- 
'tion,  the  cutaneous  is  less,  and  vice  vorsa. 

The  surface,  from  which  the  pulmonary  exhalation  is  given 
'out,  is  equal,  if  ri'dt  superior  in  extent  to  that  of  the  skin;  exhala- 
tion and  absorption  are  at  once  carried  ori  from  that  surface? 
'many  nerves  are  distributed  to  it,  and  are  almost  exposed  in  the 
tissue  of  the  membranes  which  are  extremely  thin.  '  Are  the  mias- 
mata with  which  the  atmosphere  is  sometimes  loaded,  absorbed  by 
the  lymphatics,  which,  it  is  well  known,  have  the  power  of  taking 
up  gazeous  substances  :  or  do  they  merely  produce  on  the  nervous 
and  sensible  membranes  of  the  bronchiae,  and  of  the  lobular  tissue, 
the  impression  whence  the  diseases  of  which  they  are  the  germ 
arise? 

A  part  of  the  caloric  which  is  disengaged  in  the  combinations 
which  oxygen  undergoes  in  the  lungs,  is  taken  up  in  dissolving  and 
reducing  into  vapour,  the  pulmonary  exhalation,  which  is  the 
more  abundant,  according  as  respiration  is  more  complete.  Pul- 
monary exhalation  should  be  carefully  distinguished  from  the 
mucous  matter  secreted  within  the  bronchia  and  trachea,  and 
w  hich  is  thrown  up  by  a  forcible  expiration,  and  forms  the  matter 
of  what  we  spit. 

LXXXVi  Of  asphyxia.  The  term  asphyxia,  though  merely 
indicating  a  want  of  pulse,  is  applied  to  any  kind  of  apparent 
death  occasioned  by  an  external  cause  and  suspending  respiration, 
as  submersion,  strangulation,  the  diminution  of  oxygen  in  the 
air  inhaled,  Sec.  The  only  difference  between  real  death,  and  as- 
phyxia, is,  that  id  this  last  state,  the  principle  of  life  may  yet  be 
re-animated,  whilst,  in  the  other,  it  is  completely  extinct. 

Asphyxia  takes  place  in  drowning,  because  the  lungs,  deprived 
of  air,  no  longer  impart  to  the  blood  which  passes  through  them, 
the  qualities  essential  to  the  support  of  life.  The  water  does  not 
find  it3  way  into  the?e  Yiscera  :  the  spasmodic  closing  of  the  glottis. 

2  c  Vt-  '* J 
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prevents  Its  getting  info  the  trachea  an;l  its  branches.    Yet  there 
is  found  a  small  quantity  in  the  bronchiae,  after  drowning,  alway3 
frothy,  because  air  has  mixed  with  it,  in  the  sfruggh  s  which  pre- 
cede asphyxia.    ]f  the  body  remain  long  under  water,  the  spasmo- 
dic state  of  the  glottis  ceases,  water  passes  into  the  trac  hea  and 
fills  the  lungs.    The  anatomical  examination  of  a  drowned  body, 
shews  the  lungs  collapsed,  and  in  the  state  of  expiration;  the 
right  cavities  of  the  heart,  the  venous  trunks  which  terminate  in 
them,  and,  generally,  all  the  veins,  are  gorged  with  blood,*  whilst 
the  left  cavities  and  the  arteries  are  almost  entirely  empty.  Life 
ceases  in  this  kind  of  asphyxia,  because  the  heart  has  sent  to  the 
different  organs,  and  'especially  to  the  lungs,  no  blood  that  is  not 
deficient  in  the  qualities  necessary  to  their  action;  and  perhaps 
also,  because  the  venous  blood  that  is  accumulated  in  the  tissues, 
affects  them  by  its  oppressive  and  deadly  influence.    On  that  ac- 
count, the  best  way  of  restoring  the  drowned  to  life,  is  to  blow 
pure  air  into  their  lungs.  This  is  done  by  means  of  bellows  adapt- 
ed to  a  canula  introduced  into  the  nostril ;  if  a  proper  apparatus 
cannot  be  procured,  one  might  blow  with  one's  mouth  into  that  of 
the  drowned  person,  or  into  his  nostrils,  by  means  of  a  tube;  but 
air  so  expired,  having  already  undergone  the  process  of  respira- 
tion, contains  a  much  smaller  quantity  of  oxygen,  and  is  much  less 
fitted  to  excite  the  action  of  the  heart.  There  remain  several  other 
less  efficacious  remedies,  such  as  friction,  bronchotomy  glysters, 
fumigations  and  suppositories,  stimulating  errhines,  and  especially 
ammonia.    Stimulants  taken  into  the  mouth  and  stomach,  the  ap- 
plication of  fire,  bleeding,  the  bath,  electricity,  and  galvanism. 

The  redness  and  lividity  of  the  face,  in  persons  who  are  hanged, 
had  led  to  the  opinion  that  death,  in  such  cases,  was  from  apo- 
plexy; but  it  appears  that  in  the  asphyxia  from  strangulation,  as 
in  that  from  drowning,  death  is  caused  by  the  interception  of  the 
air.  To  prove  this,  Gregory  performed  the  following  experiment; 
he  opened  the  trachea  of  a  dog,  and  passed  a  noose  round  his  neck, 
clboV^  foidfly  the  wound.  The  animal,  though  hanged,  continued  to  live 
and  to  breathe;  the  air  entered  and  came  out  alternately,  at  the 
small  opening.    He  died,  when  the  constriction  was  applied  below 


*  Hence  the  dark  and  livid  colour  of  (he  skin  and  conjunctiva.  This  last 
membrane  is  frequently  injected  with  dark  blood;  the  very  delicate  veins 
of  the  brain  arc  considerably  dilated,  and  this  viscus  is  distended  with  ver.ou* 
blood. 
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the  wound.  A  respectable  surgeon,  who.  served  in  the  Austrian 
army,  assured  me,  that  he  had  saved  the  life  of  a  soldier,  by  per- 
forming  upon  hi'-;  the  operation  of  laryngotomy,  a  few  hours  be- 
fore his  execution. 

Persons  who  are  hanged  may  die,  however,  from  dislocation  of 
the  cervical  vertebra,  and  from  the  injury  done,  at  the  same  time, 
to  the  spinal  marrow.  Louis,  it  is  well  known,  ascertained,  that 
of  the  twoexecutiouers  in  Lyons  and  Paris,  the  one  dispatched  the 
criminals  he  executed,  by  dislocating  the  head  at  its  articulation 
w  ith  the  neck,  while  the  other  executioner  destroyed  them,  by  in- 
ducing asphyxia. 

Of  the  different  mephitic  gases  unfit  for  respiration,  some  apppar 
to  bring  on  asphyxia,  merely  by  depriving  the  lungs  of  the  vital  air 
necessary  to  the  support  of  life,  while  others  evidently  affect  the 
organs  and  the  blood  which  fills  them,  by  their  poisonous  and  de- 
leterious influence. 

One  may  mention  among  the  former,  carbonic  acid ;  in  the 
asphyxia  occasioned  by  this  gas,  and  which  of  all  others,  is  the 
most  frequent,  the  blood  preserves  its  fluidity,  the  limbs  their 
suppleness,  and  the  body  its  natural  warmth,  or  even  a  greater  de- 
gree of  warmth,  for  some  hours  after  death;  for,  this  kind  of 
asphyxia  occurring  always  in  a  very  hot  situation,  the  body,  de- 
prived of  life,  admits  an  excess  of  caloric,  such  as  would  have  been 
resisted,  if  the  vital  power  had  not  been  suspended.    However,  irt 
this  asphyxia,  as  in  the  preceding,  the  lungs  remain  uninjured; 
the  right  cavities  of  the  heart  and  the  venous  system,  are  gorged 
with  a  dark  but  fluid  blood.    In  the  asphyxia,  on  the  other  hand, 
that  is  occasioned  by  sulphureted  or  phosphureted  hydrogen,  &c. 
or  by  certain  vapours  whose  nature  is  not  well  understood,  and. 
which  escape  from  privies,  or  from  vaults  in  which  a  number  of 
dead  bodies  undergo  putrefaction;  there  are  frequently  found  in 
the  lungs,  dirk  and  gangrenous  marks,  and  death  seems  the  effect 
of  a  poison  which  is  the  more  active,  as  its  particles,  exceedingly 
divided  and  in  a  gazeous  state,  are  more  insinuating,  and  affect 
throughout  its  whole  extent,  the  nervous  and  sensible  surface  of 
the  lungs. 

Inebriation  seldom  goes  the  length  of  bringing  on  asphyxia,  it 
most  commonly  produces  a  stupor  readily  distinguished  from  the 
affection  treated  of  in  this  article,  by  the  perceptible,  though  ob- 
scure pulse,  and  by  the  motions  of  respiration,  though  these  are 
rare  a;)d  indistinct.    On  this  account,  M.  Piuel,  in  his  Nosogru- 
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phie  philosophiquc,  has  placed  inebriation  and  the  different  kinds 
of  asphyxia,  in  two  separate  genera  of  the  class  neuroses.  It  is 
conceivable,  however,  that  the  muscular  irritability  may  be  so 
far  impaired  by  the  use  of  spirituous  liquors,  that  the  heart  and; 
diaphragm  might  lose  the  power  of  contraction,  which  would 
bring  on  complete  asphyxia. 

The  glottis,  through  which  the  atmospherical  air  passes,  in  its  way 
to  the  lungs,  is  so  small,  that  it  may  be  readily  obstructed,  when  the 
epiglottis  rising  at  the  moment  of  deglutition,  the  substauce  that  is 
swallowed  stops  at  the  orifice  of  the  larynx;  a  grape  seed  may 
produce  this  effect,  and  it  was  in  this  manner,  we  are  told,  that 
Anacreon,  that  lovely  poet  of  the  graces  and  of  voluptuousness, 
came  by  his  death.  Gilbert,  the  poet,  died  in  the  same  way,  afler 
a  long  and  painful  agony.  A  great  eater,  in  the  midst  of  a  feasfj 
■went  into  an  adjoining  room,  and  did  not  return,  to  the  great  sur- 
prize of  all  the  guests.  XI e  was  found  stretched  on  the  floor, 
without  any  sign  of  life.  Help,  given  by  ignorant  people,  was  of 
no  use.  On  opening  the  body,  a  piece  of  mutton  was  found 
fixed  in  the  larynx,  and  completely  stopping  the  passage  of, 
the  air. 

Sometimes  a  child  is  born,  and  shews  no  signs  of  life.  When  it 
is  probable,  from  the  circumstances  of  the  delivery,  that  there  has 
been  no  organic  injury  decidedly  mortal,  it  must  be  considered  as 
a  case  ofasphj'xia,  from  weakness;  and  all  means  employed  that 
are  recommended  in  such  cases,  especially  blowing  in  air  into  the 
kings,  by  means  of  a  tube  introduced  into  the  mouth  or  nostrils.  It 
is  thus,  that  the  Prophet  Elisha  restored  to  life  the  son  of  the 
Shunammite,  as  we  are  informed,  in  the  Second  book  of  Kings, 
Chapter  the  fourth. 

LXXXVI-  Of  certain  phenomena  of  respiration,  as  sighing, 
sobbing,  yawning,  sneezing,  coughing;  hiccup,  laughing,  Sfc. 
Wheti  the  imagination  is  strongly  impressed  with  any  object,  when 
the  vital  functions  are  languid,  the  vital  principle  seems  to  forsake 
all  the  organs,  to  concentrate  itself  on  those  which  parfnke  most 
in  the  affection  of  the  mind.  When  a  lover,  in  the  midst  of  an 
agreeable  reverie,  sighs  deeply,  and  at  intervals,  a  physiologist 
perceives  in  that  expression,  of  desire,  nothing  but  a  long  and  deep 
inspiration,  which,  by  fully  distending  the  Inngs,  enables  the  blood, 
collected  in  the  right  cavities  of  the  heart,  to  flow  readily  into  the 
left -cavities  of  that  organ.  This  deep  inspiration,  which  is  fre- 
quently accompanied  by  groans,  becomes  necessary,  as  the  motions 
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of  respiration  rendered  progressively  slower,  arc  no  longer  suffU 
cient  to  dilate  the  pulmonary  tissue. 

Sobbing  differs  from  sighing,  merely  in  this,  that  though  th© 
expiration  is  long,  It  is  interrupted,  that  is,  divided  into  distinct 
periods. 

Yawning  is  effected  in  the  same  manner;  it  is  the  certain  sign  of 
ennui,  a  disagreeable  afi'ection,  which,  to  use  the  expression  of 
Brown,  may  be  considered  as  debilitating  or  asthenic.  The  fa- 
tigued inspiratory  muscles  have  some  difficulty  in  dilating  the 
chest,  the  contracted  lungs  are  not  easily  penetrated  by  the  blood 
which  stagnates  in  the  right  cavities  of  the  heart,  and  produces  an 
uneasy  sensation,  which  is  put  an  end  to,  by  a  long  and  deep  inspi- 
ration ;  the  admission  of  a  considerable  quantity  of  air  is  facilitated 
by  opening  the  mouth  widely,  by  the  separation  of  both  jaws. 
One  yawns  at  the  approach  of  sleep,  because  the  agents  of  inspira- 
tion, being  gradually  debilitated,  require  to  be  roused  at  inter- 
vals. One  is,  likewise,  apt  to  yawn  on  waking,  that  the  muscles 
of  the  chest  may  be  set  for  respiration,  which  is  always  slower  and 
deeper,  during  bleep.  \t  is  for  the  same  reason,  that  all  animals 
yawn  on  waking,  that  the  muscles  may  be  prepared  for  the  con- 
tractions which  the  motions  of  respiration  require.  The  crowing 
of  the  cock  and  the  flapping  of  his  wings  seem  to  answer  the  same 
purpose.  It  is  in  consequence  of  the  same  necessity,  that  the  nu- 
merous tribes  of  birds  in  our  groves,  on  the  rising  of  the  sun, 
warble,  and  fill  the  air  with  harmonious  sounds.  A  poet  then 
fancies  he  hears  the  joyous  hymn,  by  which  the  feathered  throngs 
greet  the  return  of  the  God  of  light. 

While  gaping  lasts,  the  perception  of  sounds  is  less  distinct, 
the  air,  as  it  euters  the  mouth,  rushes  along  the  eustachian  tubes 
into  the  tympanum,  and  the  membrane  is  acted  upon  in  a  different 
direction.  The  recollection  of  the  relief  attending  the  deep  inspi- 
ration which  constitutes  gaping,  the  recollection  of  the  grateful 
Sensation  which  follows  the  oppression  that  was  felt  before,  in- 
voluntarily lead  us  to  repeat  this  act,  whenever  we  see  any  one 
j  awning. 

Sneezing  consists  in  a  violentand  forcible  expiration,  duringwhicb 
the  air,  expelled  withconsiderable  rapidity,  strikesagainst  the  tor- 
tuous nasal  passages  and  occasions  a  remarkable  noise.  The 
irritation  of  the  pituitary  membrane  determines,  by  sympathy, 
this  truly  convulsive  effort  of  the  pectoral  muscles,  and  particularly 
of  the  diaphragm. 
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•  Coughing  bears  a  considerable  resemblance  to  sneezing  and 
differs  from  it,  only  in  the  shorter  period  of  duration  and  the 
greater  frequency  of  the  expirations  ;  and  as  in  sneezing,  the  air 
sweeps  along  the  surface  of  the  pituitary  membrane  and  clears  it 
of  th  e  mucus  which  may  be  lying  upon  it,  so  the  air,  when  we  cough 
carries  along  with  it  the  mucus  contained  in  the  bronchia?,  in  the 
trachea  and  which  we  spit  up.  The  violent  cough,  at  the  begin- 
ning of  a  pulmonary  catarrh,  the  sneezing  which  attends  coryza, 
show  that  the  functions  of  the  animal  economy  are  not  directed 
by  an  intelligent  principle,  for  such  an  archaeus  could  not  mistake 
in  such  a  maimer,  the  means  of  putting  a  stop  to  the  disease,  and 
would  not  call  forth  actions  which,  instead  of  removing  the  irrita- 
tion and  inflammation  already  existing,  can  only  aggravate 
them. 

Laughing  is  but  a  succession  of  very  short  and  very  frequent 
expirations.  In  hiccup,  the  air  is  forcibly  inspired,  enters  the 
larynx  with  difficulty,  on  account  of  the  spasmodic  constiic- 
tion  of  the  glottis;  it  is  then  expelled  rapidly,  and  striking 
against  the  sides  of  that  aperture,  occasions  the  particular  noise 
attending  it. 

I  shall,  on  another  occasion,  explain  the  mechanism  of  sucking, 
of  panting,  and  of  the  efforts  by  which  the  muscles  of  the  thorax  fix 
the  parietes  of  that  cavity,  so  that  it  may  serve  as  a  fixed  point  for 
the  other  muscles  of  the  trunk  and  of  the  limbs. 

Respiration  is  besides  employed  in  the  formation  of  the  voice, 
but  the  voice  and  the  different  modifications  of  which  it  is  capable, 
w  ill  form  the  subject  of  a  separate  chapter. 

LXXXVII.  Of  cutaneous  perspiration*  An  abundant  vapour 
is  continually  exhaling  from  the  whole  surface  of  the  body,  and  is 
called  the  insensible  perspiration,  when  in  a  state  of  gas  in  the  air 
which  holds  it  in  solution,  it  then  eludes  our  sight;  it  is  called 
sweat,  when  in  greater  quantity  and  in  a  liquid  form.  Sweat 
differs,  therefore,  from  insensible  perspiration,  ouly  by  the  condi- 
tion in  which  it  appears,  and  it  is  sufficient  for  its  production,  that 
theair  should  be  incapable  of  reducing  it  into  vapour,  whether 
from  an  increased  secretion  by  the  skin,  or  from  the  dampness  and 
consequent  diminished  solvent  powers  of  the  atmosphere.  The  in- 
sensible perspiration  is  constantly  escaping  through  the  innumera- 
ble pores  in  the  parietes  of  the  minute  arteries  of  the  integuments  ; 
'it  oozes  in  the  interstices  of  the  scales  of  the  skin;  the  air  which 
immcdiately  surrounds  our  body,  becomes  saturated  with  it,  and 


23  i 


carries  it  off,  as  soon  as  it  is  renewed.  There  is  the  greatest  rs~ 
semblauce  between  the  cutaneous  perspiration  and  the  pulmonary 
exhalation;  both  are  mere  arterial  exhalations,  and  the  mucous 
membrane,  which  lines  the  canals  along  which  the  air  is'trans*- 
mitteil,  is  a  mere  prolongation  of  the  skin  into  those  organs  and 
into  the  digestive  tube.  The  surface  from  which  the  cutaneous 
perspiration  is  exhaled,  is  not  quite  so  considerable  as  that  from 
which  the  pulmonary  exhalation  arises,  since  it  is  reckoned  at  only 
tifteen  square  feet,  in  a  man  of  middle  size.  These  two  secretions 
are  supplementary  to  each  other;  the  increase  of  the  one  is  generally 
attended  with  a  seusible  diminution  of  the  other;  lastly,  the  mucous 
membrane  of  the  intestinal  canal,  besides  secreting  mucus,  exhales 
likewise  a  fluid  which  increases  much  in  quantity,  when  the  cutaneous 
perspiration  is  languid,  as  is  proved  by  the  serous  diarrheas  so  fre- 
quently occasioned  by  a  suppressed  perspiration.  It  must  be  owned, 
however,  that  notwithstaudiug  those  analogies  of  structure  and  func- 
tion, in  the  skin  and  mucous  membranes,  there  exists  perhaps  a 
still  more  intimate  connexion  between  its  action  and  that  of  the 
organs  which  secrete  the  urine;  it  has  always  been  observed,  that 
when  this  last  fluid  is  scanty,  there  is  a  greater  cutaneous  perspi- 
ration, and  vice  versa. 

If  we  examine,  with  a  rr  icroserope,  the  naked  body,  exposed 
during  summer  to  the  rays  of  a  burning  sun,  it  appears  surrounded 
with  a  cloud  of  steam,  which  becomes  invisible,  at  a  little  distance 
from  the  surface.  And  if  the  body  is  placed  before  a  white  wall, 
it  is  easy  to  distinguish  the  shadow  of  that  emanation.  We  may, 
likewise,  satisfy  ourselves  of  the  existence  of  the  cutaneous  perspi- 
ration, by  the  following  experiment :  hold  the  tip  of  the  finger,  at 
the  distance  of  the  twelfth  part  of  an  inch  from  a  looking  glass,  or 
any  other  highly  polished  surface,  its  surface  will  soon  be  dimmed 
by  a  vapour  condensed  in  very  small  drops,  which  disappear  on  re- 
moving the  finger.  One  may,  in  this  manner,  ascertain  that  the 
cutaneous  perspiration  varies  in  quantify,  in  different  parts  of  the 
surface  of  the  body,  for,  on  placing  the  back  of  the  hand  before  a 
looking  glass,  the  latter  will  be  covered  by  no  vapour. 

No  function  of  the  animal  economy  has  been  the  subject  of  more 
investigation,  nor  has  any  excited  the  attention  of  more  accurate 
and  indefatigable  physicians,  than  the  secretion  now  under  consi- 
deration. From  the  lime  of  Sanctorius,  who,  in  the  beginning  of 
the  seventeenth  century,  published  in  his  immortal  work  "  Med* 
cinaslatica"  the  result  of  experiments  carried  on,  for  thirty  years, 
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■with  a  patience  which  very  few  will  imitate,  to  that  of  Lavoi-i. >j  j 
who  jointly  with  Seguin,  aided  by  the  resources  of  the  improved 
state  of  chemistry,  instituted  an  examination  of  the  insensible  pers- 
piration, we  find  engaged  in  this  enquiry,  Dodart,  who  in  1GG8 
communicated  to  the  Academy  of  Sciences,  which  had  been  founded 
but  a  short  time,  the  result  of  his  observations  at  Paris,  under  a 
climate  different  from  that  of  Venice,  where  Sanctorius  lived: — 
Keill,  Robinson,  and  Rye  who  repeated  the  same  experiments  in 
England  and  Ireland: — Linnings  who  performed  his  in  South  Caro- 
lina; and  several  physiologists  of  no  less  merit,  as  Gorter,  Ilart- 
mann,  Arbulhnot,  Takenius,  Winslow,  Hallcr,  &c.  who  all  aimed 
at  ascertaining,  with  more  precision  than  had  been  done  by  Sanc- 
torius, the  variations  in  the  cutaneous  perspiration,  according  to 
the  climate,  the  season  of  the  year,  the  age,  the  sex,  the  state 
of  health  or  disease,  the  hour  of  the  day,  and  the  quantity  of  the 
other  secretions. 

According  to  Sanctorius,  of  eight  pounds  of  solid  and  liquid 
aliments  taken  in  tw  enty-four  hours,  five  were  carried  off  by  the 
perspiration,  and  only  three, in  excrement  and  urine.  Haller  con- 
ceives this  calculation  to  be  exaggerated  ;  Dodart,  however,  car- 
ried it  still  further,  and  maintained  that  the  relation  of  the  pers- 
piration to  the  solid  excrements,  was  as  seven  to  one. 

In  France  and  in  temperate  climates,  the  quantity  of  the  cuta- 
neous perspiration,  and  of  the  urine,  is  nearly  the  same;  it  may 
be  estimated  at  between  two  and  four  pounds  in  the  twenty-four 
hours.  We  perspire  most  in  summer,  and  void  most  urine  id 
winter.  The  perspiration,  like  every  other  secretion,  is  in  smaller 
quantity  during  sleep,  than  while  we  are  awake ;  in  old  age  thau 
during  infancy,  in  weak  persons,  andin  damp  weather,  than  under 
the  opposite  circumstances. 

The  perspiration  may  be  said  to  be  in  a  compound  ratio  of  the 
force  with  which  the  heart  propels  the  blood  into  the  minute  capil- 
lary arteries,  of  the  vital  energy  of  the  cutaneous  organ,  and  of  the 
solvent  powers  of  the  atmosphere.  The  strongest  and  most  robust 
men  perspire  most;  some  parts  of  the  skin  perspire  more  than 
others,  as  the  palms  of  the  hands,  the  soles  of  the  feet,  the  arm 
pits,  &c.  When  the  air.is  warm,  dry,  and  frequently  renewed, 
cutaneous  perspiration  is  greater,  and  the  necessity  of  taking 
liquid  aliment  is  more  urgent,  and  more  frequently  experienced  ; 
in  summer,  as  every  body  knows,  a  profuse  perspiration  »  brought 
on  by  passing  from  the  heat  of  the  sun  into  the  shade;  and,  on  no 
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occasion,  is  a  copious  sweat  more  easily  brought  on,  than  by  taking 
exercise  in  summer,  when,  on  the  approach  of  a  storm,  the  atmos- 
phere, containing  a  considerable  quantity  of  vapours,  and  warm 
from  the  rays  of  the  sun  which  shows  itself,  now  and  then,  sur- 
rounded by  the  clouds,  is  little  capable  of  dissolving  the  insensible 
perspiration. 

The  skir^  may  be  covered  with  sweat,  without  any  increase  of 
the  cutaneous  perspiration;  this  may  happen  from  dampness  in 
the  air,  or  from  its  being  imperfectly  renewed.  It  must  be  owned, 
however,  that  sweating  is  more  frequently  occasioned  by  an  in- 
crease ot"  the  insensible  pet  spiration,  and  that  the  warmth  of  the 
bed  which  excites  it,  acts  by  increasing  the  power  of  the  organs  of 
circulation  aud  the  energy  of  the  cutaneous  system.  The  body  is 
weakened  by  sweating,  which  is  seldom  the  cast,  with  the  insensi- 
ble perspiration.  A  profuse  sweat  is  attended  with  a  very  speedy 
<-xhau->tion;  thus,  in  hectic  lever,  in  the  suelte  (sudor  anglicus) 
and  other  atfections,  equally  dangerous,  it  is  the  causeof  a  wasting 
almost  universally  fatal. 

The  matter  of  the  insensible  perspiration  and  of  the  sweat,  is,  in 
Creat  measure,  aqueous.  Like  the  nrine,  it  holds  in  solution  several 
■salt?,  also  the  volatilized  recrementitious  matter  of  animal  substances, 
sometimes  even  acids,  as  in  the  case  in  which  Berthollet  detected 
the  phosphoric  acid  in  children  affected  with  worms,  in  pregnant 
women,  in  nurses,  from  whom  there  exhales  an  odour  mani- 
festly acid.  It  may  contain  ammonia,  and,  on  certain  occasions, 
the  smell  enables  us'  to  discover  that  alkali,  in  the  sweat  or  pers- 
piration. 

The  air  which  constantly  surrounds  our  body,  does  not  merely 
dissolve  the  aqueous  vapour  which  arises  from  it,  but  several  phy- 
siologists, very  reasonably  conjecture,  that  the  oxygen  of.  the  at- 
mosphere may  combine  with  the  carbon  of  the  blood  brought  to 
the  skin  by  the  numerous  vessels  which  are  sent  to  it,  and  likewise 
with  the  gelatine  forming  the  substance  of  the  rctc  mucosum  of 
Malpighi. 

The  experiments  of  Jurine,  of  Tingry,  and  of  several  other  na- 
turaii-.fs,  show  that  carbonic  acid  is  constantly  formed  on  the  sur- 
face of  the  skin,  so  that  the  ^kin  may  be  considered  as  a  supple- 
mentary organ  to  that  of  respiration ;  and  in  that  point  of  view,  one 
may  compare  to  it,  the  mucous  membranes  which  are  in  contact 
with  the  atmospherical  air  in  the  uasal  fossx,  and  in  the  intestinal 
canal  which  they  lioe, 
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The  cutaneous  perspiration  is,  likewise,  as  was  before  menti- 
oned, a  powerful  means  of  cooling  the  body,  and  of  keeping  it 
while  living,  in  an  uniform  temperature.  The  water  which  is  ex- 
haled from  the  whole  surface  of  the  body,  canies  off  from  it,  in- 
passing  into  vapour,  a  considerable  quantity  of  caloric;  and  it  is 
observed  that  every  thing  which  increases  the  production  of  calo- 
ric, gives  rise  to  a  proportionate  increase  of  the  cutaneous  perspi- 
ration and  of  the  pulmonary  exhalation,  so  that  a  constant  equi- 
librium being  kept  up  between  its  production  and  escape,  the 
animal  warmth  always  remains  nearly  the  same. 

To  conclude,  the  extremities  of  the  nerves  of  our  organs  of  sen- 
sation, are  all  moistened  by  a  fluid  varying  in  quantity,  and  which 
maintains  them  in  a  softened  state,  favourable  to  the  exercise  of 
their  functions.  It  was  likewise  necessary,  that  the  membrane  in 
w  hich  the  sense  of  touch  resides,  should  be  habitually  kept  moist 
by  a  fluid  that  should  penetrate  it  throughout;  this  use  of  the  in- 
sensible perspiration  is  not  less  important  than  the  preceding, 
ou  which  physiologists  have  bestowed  most  attention. 

CHAPTER  V* 


OF  THE  SECRETIONS. 

LXXXVIII.  Of  the  animal  fluids.  The  animal  fluids  were 
formerly  divided  into  recrement  itious^  excremeniiiious,  and  excrc- 
mento-recrementitious ;  this  division,  founded  on  the  uses  to 
■which  the  fluids  are  subservient,  is  preferable  to  any  that  has 
since  been  adopted,  and  in  which  they  are  ranked  according  to 
their  nature. 

The  first  class  remain  in  the  body  and  are  employed  in  its  nu- 
trition and  growth;  such  as  the  chyle,  the  blood,  theserosity  which 
lubricates  the  surface  of  the  pleura,  of  the  peritoneum,  and  of  the 
other  membranes  of  the  same  kind.  The  second  kind  are  ejected 
from  our  body,  and  cannot  remain  long  within  it,  without  danger ; 
sucli  as  the  urine,  the  matter  of  insensible  perspiration  and  of 
sweat.    Lastly,  those  of  the  third  class  partate  of  the  nature  o  - 
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the  two  precf  Uing,  ami  are,  in  part,  rejected,  while  another  part  is 
retained  and  employed  in  the  support  and  growth  of  the  organ  ; 
this  is  the  case  with  the  saliva,  the  bile,  the  mucus  of  the  intestines, 
&&  If  one  affected  to  be  very  minutely  scrupulous,  one  might 
consider  all  the  animal  Uuids  as  recremento-excrementitious.  The 
chyle  and  the  blood,  which  are  so  very  nutritious,  contain  an 
abundance  of  heterogeneous  and  excremcutitious  parts ;  the  urine 
which  of  all  our  iluids  is  that  which  may,  with  most  propriety,  be 
termed  such,  contains,  likewise,  aqueous  parts,  which,  while  it 
remains  in  the  bladder,  the  lymphatics  absorb  and  carry  into  the 
mass  of  the  fluids. 

Of  all  the  modern  divisions,  Fourcroy's  is  the  best ;  Vicq-d'- 
A^ir  acknowledged  its  superiority  over  that  proposed  by  Ilaller, 
in  his  Physiology.  Fourcroy  admits  six  classes  of  fluids:  lst? 
those  which  hold  salts  in  solution,  as  the  sweat  and  urine  ;  he  gives 
the  name  of  saline  to  such  fluids:  2nd,  inflammable  oily  fluids,  all 
possessiug  a  certain  degree  of  consistence  and  concrescibility,  as 
fat,  and  the  cerun.eu  of  thenars,  Sec.  :  3d,  the  saponaceous  fluids, 
as  the  bile  and  the  milk :  4th,  the  mucous  fluids,  as  those  which 
lubricate  the  internal  coat  of  the  intestinal  canal  :  5th,  the  albumi- 
nous fluids,  among  which  one  may  rank  the  serum  of  the  blood. 
The  fibrinous  fluids,  containing  flbrina,  as  the  fluid  last  men- 
tioned. 

In  proportion  as  we  advance  in  our  knowledge  of  animal  chemis- 
try, the  defects  of  these  divisions  become  more  and  more  evident.  J  n 
short,  the  animal  fluids  are  so  compound,  that  there  is  not  one 
which  does  not,  at  once,  belong  to  several  of  these  classes,  and 
■whose  prevailing  element  is  not  sometimes  exceeded  in  quantity, 
by  materials  which  commonly  form  but  a  small  partofthem. 

LXXXIX.  The  blood  is  the  reservoir  and  the  common  source 
of  the  fluids;  these  do  not  exist  in  the  blood,  with  the  qualities 
which  characterize  them,  unless,  after  having  been  previously 
formed  by  the  secretory  organs,  they  have  been  absorbed  by  the 
lymphatics  andconveyed,  with  the  chyle  and  lymph,  into  the  circu- 
latory system.  Let  us  shortly  attend  to  its  nature,  although  this 
belongs  more  especially  to  the  department  of  chemistry.  The 
blood  is  red  in  man  and  in  all  warm-blooded  animals,  and  even  in 
some  whose  temperature  is  not  very  different  from  that  of  the  at- 
mosphere, as  in  fUhes  and  reptiles.  This  co'our,  of  a  deeper  or 
lighter  shade,  according  as  the  blood  is  drawn  from  an  artery  or  a 
vein,  varies  in  its  degree  of  intensity, according  to  the  state  of  health 
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or  weakness.  It  is  of  a  deep  red  in  strong  and  active  persons,  pale 
and  colourless  in  dropsical  patients,  and  whenever  the  health  i? 
■weak.  By  its  colour,  one  may  judge  of  all  its  oilier  qualities. 
Its  viscidity  is  greater,  its  saline  taste  more  marked,  its  peculiar 
smell  stronger,  when  its  colour  is  deep.  This  colour  is  produced 
Try  a  prodigious  number  of  globular  molecules,  which  move  and 
float  in  an  aqueous  and  very  liquid  fluid.  When  the  blood  is  paid, 
the  number  of  these  molecules  diminishes,  they  seem  to  be  dissolved 
in  cachexia;. 

The  microscope,  which  affords  the  only  method  of  perceiving 
them,  does  not  enable  one  to  determine  thtir  bulk  and  their  figure. 
Leeuwenhoek,  who  brought  forward  the  idea  of  their  being  so  mi- 
nute, by  his  calculation  that  they  were  one  million' th  part  of  an 
inch  in  size,  thought  them  spherical ;  Ilewson  says  they  are  annu- 
lar and  have  an  opening  in  their  centre.  Others  compare  them 
to  a  llafened  lentil,  with  a  dark  spot  in  the  middle.  They  are 
solid,  and  formed  by  a  nucleus  or  red  point  covered  over  by  a 
membranous  vesicle,  which  appears  to  be  readily  formed  and 
destroyed. 

XC.  The  blood,  when  no  longer  in  the  course  of  the  circula- 
tion, and  on  being  received  into  a  vessel,  parts  with  its  caloric  and 
exhales,  at  the  same  time,  a  powerful  smell,  a  gas  to  which,  accor- 
ding to  some  physiologists  (Moscali,  Rosa,  &c),  it  owes  its  vital 
properties,  and  the  absence  of  which  is  attended  with  a  loss  of  its 
vitality;  so  that  its  analysis  cannot  furnish  facts  applicable  to  the 
explanation  of  the  phenomena  of  health  and  disease.  This  odour, 
extremely  strong  in  carnivorous  animals,  is  very  distinguishable  in 
man,  especially  in  arterial  blood.  I  remember  retaining  it,  a  whole 
day,  in  my  throat,  after  removing  the  dressings,  nnd  suppressing  a 
hemorrhage,  occasioned  by  a  relaxation  of  the  ligatures,  a  week 
after  the  operation  for  popliteal  aneurism.  Unless  by  agitation  it 
is  prevented  from  coagulating,  as  it  cools,  its  consistence  increases, 
and,  on  being  laid  by,  it  separates  into  (wo  very  different  parts,  the 
one  aqueous,  more  or  less  red,  heavier  than  common  water,  and 
e\idently  saltish;  this  is  called  the  serum,  consisting  of  Wiiter^ 
in  which  are  dissolved  albumen,  gelatine,  soda,  phosphates,  and 
muriates  of  soda.    Nitrate  of  potash,  and  muriate  of  lime. 

Serum,  though  bearing  some  analogy  to  the  albumen  of  egg, 
differs  from  it,  in  forming,  on  coagulating,  a  less  solid  and  less  ho- 
mogeneous mass.  The  albumen  is  evidently  mixed  with  a  portion 
of  transparent  gelatine,  not  coagulable  by  heat.    Albumen  has  so 
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great  an  attraction  for  oxygon,  that  it  is  fair  to  presume,  that  the 
serum  absorbs  oxygen  anil  combines  with  it,  through  the  very  thin 
parietes  of  the  air  cells  of  the  lungs,  and  that  it  gives  to  arterial 
blood  that  spumous  appearance  which  is  one  of  its  distinguishing 
characters.  This  oxidizemont,  and  the  fixation  of  the  caloric 
which  accompanies  it,  equally  increase  its  consistence.  It 
does  not,  however,  coagulate;  because  it  is  kept  in  perpetual 
motion  by  the  circulatory  action,  and  is  diluted  by  a  sufficient 
quantity  of  water;  because  the  animal  temperature,  which  never 
exceeds  thirty-two  or  thirty-four  degrees,  cannot  give  a  solid  form 
to  albumen,  which  coagulates  only  at  fifty  degrees  of  Reaumur's 
thermometer;  and  lastly,  because  as  serum  contains  a  certain 
quantity  of  nncombineel  soda,  which  enables  it  to  turn  green,  vege- 
table blues,  this  alkali  concurs  in  keeping  the  albumen  in  a  dis- 
solved state,  which  it  renders  fluid,  when  it  has  been  coagulated 
by  the  acids,  by  heat,  or  by  alcohol. 

Amid  the  serum,  and  on  its  surface,  there  floats  a  red  cake, 
spunky,  and  solid  {insularubra)  which,  by  repeated  washing,  may 
be  separated  into  two  very  distinct  parts.  The  one  is  the  cruor 
or  the  colouring  matter  which  mixes  with  the  water ;  it  is  a  more 
highly  oxygenated  and  more  concrescible  albumen  than  that  of  the 
serum  ;  it  holds  in  solution  soda,  as  well  as  phosphate  of  iron,  with 
an  excess  of  iron. 

The  other  is  a  solid  and  fibrous  substance,  which,  after  being  re- 
peatedly washed  has  the  appearance  of  felt,  the  filaments  of  w  hich 
cross  each  other,  are  extensible  and  very  elastic.  This  third  part 
«f  the  blood  is  called fibrinu,  it  is  very  similar  in  its  nature  to  mus- 
cular fibre,  and  like  it,  gives  out,  on  distillation,  a  considerable 
quantity  of  carbonate  of  ammonia.  Fibrina  does  not  exist  in  the 
blood  in  a  solid  form,  but  in  a  state  of  solution  and  combined  with 
the  other  constituent  parts  of  the  fluid,  as  is  indicated  by  the  ap- 
propriate expression  of  liquid  flesh  (chair  couLunle )  first  used  by 
I3oideu,  in  speaking  of  the  blood. 

XCI.  If  the  blood  be  exposed  to  the  action  of  fire,  if  it  be  cal- 
cined and  reduced  to  powder,  and  if  this  pulverized  substance  be 
exposed  to  a  magnet,  the  presence  of  iron  will  be  manifestly  seen 
by  the  magnetic  attraction.  Authors  do  not  agree  in  their  accounts 
of  the  quantity  of  iron  contained  in  the  blood.  Menghini  says, 
there  is  one  part  in  the  hundred  ;  others  that  it  is  in  the  proportion 
of  1  to  303;  so  that  it  is  propable,  that  this  consliluctit  principle 
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of  tlie  blood,  like  all  the  materials  of  our  fluids,  may  vary  in 
quantity,  according  to  different  circumstances. 

Blumenbuch  justly  observes,  that  iron  is  found  only  in  calcined 
blood;  that  none  is  to  be  found  if  it  be  slowly  dried.  This  pecu. 
liarity  is  no  longer  surprising,  since  M.  Fourcroy  has  shown  that 
iron  existed  in  the  blood,  in  combination  with  the  phosphoric  acid, 
and  formed  with  that  acid  a  phosphate  of  iron,  with  an  excess  of 
its  base.  This  salt  becomes  decomposed  by  calcination,  the  irou 
is  set  free  and  is  acted  upon  by  the  magnet.  Physiologists  attri- 
bute the  colour  of  the  blood,  to  the  presence  of  the  oxide  of  iron  in 
that  fluid. 

It  is,  at  present,  the  received  opinion,  that  the  red  colour  of  the 
blood  is  owing  to  the  presence  of  phosphate  of  iron,  which  being 
"conveyed,  of  a  while  colour,  into  the  blood,  along  with  the  chyle, 
meets  with  the  pure  soda,  by  which  it  is  dissolved,  and  from  which 
it  receives  its  colour ;  the  colour  of  the  blood  is,  likewise,  owing 
to  the  oxidizement  of  the  metallic  portion,  which  is  in  very  consi- 
derable quantity  in  that  salt.  This  solution  of  the  phosphate  of 
iron  by  soda,  the  oxidizement  of  the  excess  of  iron,  and  the  ab- 
sorption of  oxygen  by  albumen,  constitute,  in  an  especial  manner, 
hcmalosis  or  sanguification,  which  is  principally  carried  on  in  the 
lungs. 

The  respective  proportion  of  the  three  parts  into  which  the  blood 
separates  spontaneously,  varies  cousiderably.  The  serum  consti. 
tutes  about  one  half  or  three  fourths  of  the  fluid  ;  the  colouring  mat- 
ter and  fibrina  are  in  inverse  ratio  of  the  serum,  and  it  is  observed, 
that  the  more  brilliant  and  red  the  colour  of  the  blood,  the  greater 
the  proportion  of  the  fibrous  part.  The  pale,  aqueous,  and  colour- 
less blood  of  a  dropsical  patient  contains  very  little  fibrina.  In 
putrid  or  adynamic  fever  in  which  bleeding,  as  is  universally 
known,  is  improper,  I  have  sometimes  seen  the  blood  containing 
but  a  small  portion  of  fibrina,  and  very  slow  of  coagulating;  its  tex- 
ture seemed  to  suffer  from  the  affection  under  which  the  muscular 
organs  were  evidently  labouring.  In  inflammatory  diseases,  on  the 
contrary,  the  plastic  power  of  the  blood  is  augmented;  the  fibrina 
is  in  greater  quantity,  even  the  albumen  coagulates  spontane- 
ously and  forms  a  crust  above  the  serum,  which  is  always  in 
smaller  quantity. 

XCII.  Of  the  changes  on  the  blood.  The  fluids  not  only 
undergo  changes  in  their  composition,  in  their  qualities,  and  nature, 
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when  the  action  of  the  solids  is  itself  altered,  but  even  the  absor- 
bent system  may  introduce,  into  the  mass  of  our  fluids,  heteroge- 
neous principles,  evidently  the  cause  of  several  diseases.  In  this 
manner,  all  contagions  spread,  the  virus  of  small  pox,  of  syphilis, 
of  the  plague,  Sec.  Thus,  in  time,  the  habitual  use  of  the  same 
aliment  produces  in  our  fluids  a  crasis  or  peculiar  constitution 
which  has,  on  organized  solids,  an  influence  acting  even  on  the 
mind. 

A  purely  vegetable  diet  conveys  into  the  blood,  according 
to  Pythagoras,  bland  and  mild  principles;  this  fluid  excites 
the  organs,  in  a  moderate  degree,  and  this  check  over  the  phy. 
sical  excitement,  facilitates  the  observance  of  the  laws  of  tem- 
perance, the  original  source  of  all  virtues.  These  observations  of 
ancient  philosophy,  on  the  influence  of  regimen,  have,  doubtless, 
led  their  authors  to  exaggerated  inferences,  but  they  should  not  be 
considered  as  altogether  unsupported.  The  carnivorous  species 
are  marked  by  their  strength,  their  courage,  and  their  ferocity; 
savages  who  live  by  hunting,  and  who  feed  on  raw,  bloody,  and  pal- 
pitating flesh,  are  the  most  ferocious  of  men;  and,  in  our  own 
country,  in  the  midst  of  those  scenes  of  horror  which  we  have  wit- 
nessed, and  from  which  we  have  suffered,  it  was  observed,  that 
butchers  were  foremost  in  the  massacres,  and  in  all  the  acts  of  atro- 
city and  barbarity.  I  know  that  this  fact,  which  was  uniformly 
noticed,  has  been  explained  by  saying,  that  the  habit  of  slaying 
animals,  had  familiarized  them  to  shed  human  blood.  But  though 
I  do  not  deny  the  existence  of  this  moral  cause,  which  certainly 
operates,  I  think  I  may  add  to  it,  as  a  physical  cause,  the  daily  and 
plentiful  use  of  animal  food,  the  breathing  an  air  filled  with 
emanations  of  the  same  kind,  which  they  inhale,  and  which 
contribute  te  their  embonpoint,  which  is  sometimes  excessive. 

As  the  plasticity  and  concresibility  of  the  blood  are  diminished 
in  asthenic  diseases  or  of  debility,  as  putrid  fevers  and  scurvy,  two 
causes  may  be  assigned  for  the  hemorrhages  which  come  on  in- 
those  diseases,  viz.:  the  relaxed  state  of  the  vessels  and  the  disso- 
lution of  the  blood.  In  scuryy,  the  tissue  of  the  capillaries  is  re-- 
laxed,  its  meshes  enlarged,  red  blood  passes  into  them,  transudes 
through  their  parietes,  and  forms  scorbutic  spots.  I  have  some- 
times seen  those  ccchymoses  or  sanguineous  cutaneous  transuda- 
tions, extend  under  the  skin  of  the  whole  of  one  lower  extremity. 
Petechia^  in  putrid  fever,  are  formed  in  the  same  manner,  and 
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depend,  likewise,  on  the  relaxation  of  the  minute  vessels,  and 
on  the  greater  fluidity  of  (he  blood,  whose  molecules  are  less 
coherent,  and  more  readily  separated  from  each  other. 

In  the  summer  of  the  year  1801,  I  amputated  the  arm  of  an  old 
man  of  sixty,  on  account  of  a  corroding  and  vaiicose  ulcer,  which 
for  thirty  years  had  occupied  a  part  of  the  forearm,  and  extended 
to  the  elbow.  All  who  were  present  at  this  operation,  observed 
that  the  blood  which  flowed  from  the  arteries,  was  not  nearly  so 
Ted  as  that  from  the  arteries  of  a  young  man,  w  hose  thigh  had  just 
been  taken  ofi",  on  account  of  a  scrophulous  caries  of  the  leg;  that 
the  venous  blood  was  entirely  dissolved,  purple,  and  similar  to  a 
w  eak  dye  of  logwood.  This  blood  did  not  coagulate,  like  that  of 
the  young  man ,  it  became  fluid  and  was  converted  into  a  serum 
containing  a  few  colourless  clots. 

Those  who  have  endeavoured  to  find,  in  the  changes  undergone 
by  the  blood  and  the  other  fluids,  the  cause  of  all  diseases,  have 
fallen  into  as  serious  blunders  as  the  determined  solidists,  who  main- 
tain that  all  diseases  arise  from  a  deranged  condition  of  the  solids, 
and  that  every  change  in  the  condition  of  the  fluids  is  a  consequence 
of  that  derangement.  The  believers  in  the  humorai  pathology, 
have  certainly  gone  too  far;  they  have  admitted  that  the  animal 
fluids  might  be  acid,  alkulaccnt,  acrimonious,  while  we  have  no 
proof  whatever  that  they  ever  do  undergo  such  changes.  The  so- 
lidists have,  likewise,  gone  much  beyond  the  truth,  in  saying,  that 
every  primitive  change  in  the  condition  of  the  fluids  is  imaginary, 
and  that  the  doctrine  of  humoral  pathology  is  without  foundation. 
Stahl  relates*  that  the  blood  of  a  young  woman,  who  was  bled 
during  a  fit  of  epilepsy,  was  absolutely  coagulated,  as  if  that  fluid 
had  partaken  in  the  rigidity  affecting  the  muscular  organs.  Some 
authors  say  they  have  met  with  the  same  appearance  ;  I  have,  how- 
ever, never  been  able  to  discover  any  sensible  difference,' between  the 
blood  of  an  epileptic  patient  and  of  any  other  person  of  the  same 
constitution,  of  the  sam;'  age,  and  living  on  the  same  regimen  :  and 
it  should  be  considered,  that  to  make  a  just  comparison  of  our 
fluids,  it  is  necessary  that  every  thing  should  be  alike  in  the  per- 
sons from  whom  they  are  taken,  with  the  exception  of  the  diffe- 
rence of  which  we  are  to  judge.    In  fact,  the  blood  has  not  the 
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«ame  appearance,  and  does  not  coagulate,  in  (he  same  manner, 
when  taken  from  a  child,  a  woman,  or  an  old  man;  from  a  man 
■who  lives  abstemiously,  or  from  one  who  lives  on  a  full  diet. 

After  enumerating  the  changes  which  the  blood  undergoes, 
one  might  speak  of  those  which  affect  the  fluids  that  are  formed 
from  it,  one  might  attend  to  the  greenish,  leek  coIouf,  and  some- 
times even  darkish  appearance  of  the  bile,  which  is  not  always  of 
the  same  degree  of  bitterness ;  the  limpid  state  of  the  urine,  which 
is  voided  colourless,  without  smell  or  flavour,  after  a  fright,  or  du- 
ring the  convulsive  fits  of  hysterical  women;  the  fetid  smell  and 
the  viscidity  of  the  saliva,  when  the  salirary  glands  are  under  mer- 
curial influence;  the  milky  state  of  the  serum  which  lubricates 
the  parietes  of  the  abdomen  and  of  the  viscera  which  it  contains, 
after  inflammation  of  the  peritoneum  ;  changes  which,  almost  uni- 
versally, depend  on  a  derangement  of  action  in  the  secretory  orgar} 
and  sometimes,  likewise,  on  the  general  condition  of  the  fluids; 
for,  a  gland  cannot  secrete  a  fluid  endowed  with  the  qualities 
which  peculiarly  belong  to  it,  unless  the  blood  furnish  it  with  the 
materials  of  secretion,  and  unless  it  be  in  a  state  to  bring  about  a 
due  combination  of  their  particles.  "When  we  come  to  the  article 
of  accidental  secretions,  we  shall  speak  of  some  of  those  disorders 
of  the  fluids,  depending  on  a  depraved  condition  of  the  secretory 
organs. 

XCIII.  On  the  transfusion  of  blood.  In  the  midst  of  the 
disputes  to  which  the  discovery  of  the  circulation  gave  rise,  some 
physicians  conceived  the  idea  of  renovating  completely  the  whole 
mass  of  the  fluids,  in  persons  in  whom  they  might  be  vitiated;  by 
filling  their  vessels  with  the  blood  of  an  animal  or  of  a  person  in 
good  health.  Richard  Lower,  known  by  his  work  on  the  heart, 
lirst  practised  it  on  dogs,  in  16G5.  Two  years  afterwards,  trans- 
fusion was  performed  at  Paris  on  men,  it  excited  the  greatest  ex- 
pectations: it  was  thought,  that  by  this  process,  called  transfusing 
surgery  (chirurgie  transfusoirc),  all  remedies  would  be  super- 
seded, that  henceforth,  to  cure  the  most  serious  and  inveterate 
diseases,  it  would  be  necessary  merely  to  transfuse  the  blood  of  a 
strong  and  healthy  man  into  the  veins  of  the  diseased;  nay,  they 
v,'::\t  so  far  as  actually  to  imagine  they  might  realize  the  fabulous 
fountain  of  Jouvence;  they  expected  no  less,  than  to  restore 
youthful  vigour  to  the  old,  by  infusing  into  them  the  blood  of  the 
young,  and  thus  to  perpetuate  life.  All  these  brilliant  chimera* 
2ooa  Tanishcdj  some  uuderwent  the  experiment,  without  any  re. 
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murkable  effects  from  it,  olliors  were  affected  with  the  most  nolens 
delirium;   a  lad  of  fifteen  lo:,t  his  senses,  after  suffering  two 
months  from   the  most  violent  fever.     The  legislative  autho- 
rity at  last  interfered,  and  prohibited  those  dangeious  experi- 
ments. 

The  experiments  on  the  subject  of  the  tranfusion  of  blood  were- 
nepeated,  but  without  success,  at  the  Academy  of  Sciences,  Per* 
rault  opposed  this  new  method,  and  showed  that  it  was  very  diffi- 
cult for  one  animal  to  exist  on  the  blood  of  another,  that  this 
iluid,  though  apparently  thesame  in  animals  of  the  same  age,  wa3- 
as  different  from  it  as  the  features  of  their  face,  their  temper,  &c. 
that  an  extraneous  ffuid  was  thus  introduced,  which  conveying  tc* 
•the  organs  an  irritation  to  which  they  were  not  accustomed,  must 
disorder  their  actioit,  in  various  ways  f  that  if,  as-  an  objection  to- 
what  he  had  said,  they  should  bring  forward,  what  takes  place  in 
grafting,  in  which  the  sap  of  cme  tree  nourishes  another  of  a  dif- 
ferent kind,  he  would  answer,  that  vegetation  does  not  depend  on 
so  complicated,  nor  en  so  delicate  a  mechanism,  as  the  nutrition 
of  animals  ;  that  a  hut  may  be  formed  of  all  kinds  of  stone3  taken 
atiandom,  but  that  to  build  a  palace,  stones  miist  be  designedly 
shaped  for  tbe  purpose,  30  that  a  stone  destined  for  an  arch,  will 
not  do  for  a  wall,  nor  even  for  another  arch*. 

It  would  be  easy,  by  means  of  a  curved  tube,  to  transfase  the 
arterial  blood  of  an  animal,  from  a  wound  in  its  carotid  artery, 
into  the  saphena  rein  of  a  man,  into  the  internal  jugular,  or  into 
some  of  the  cutaneous  veins  of  the  fore  arm;  but  it  is  to  be  pre- 
sumed, from  experiments  on  living  animals,  that  it  would  be  very 
difficult  to  transfuse  blood  into  the  arteries,  as  these  vessels,  rilled 
with  blood,  during  life,,  do  not  yield  to  a  greater  distention.  The 
capillaries,  in  which  tbe  arteries  terminate,  become  corrugated  and 
refuse  totransntit  a  fluid  which  does  not  act  upon  them,  according 
to  their  wonted  sensibility.  Such  was  the  result  of  the  experiments- 
of  Professor  liuniva-  he  observed,  in  a  living  calf,  that  the  vessels 
did  not  transmit  free-ly  the  fluid  which  was  forced  into  (hem,  till 
the  instant  w  hen  the  animal  was  killed,  by  dividing  the  upper  part 
of  the  spinal  marrow-  Attempts  have  been  made  to  turn  to  useful 
purposes  these  experiments  on  transfusion,  by  limiting  the  process 
to  the  injecting  of  medicinal  substances  into  the  veins.  It  is  sin- 
gular, that  the  moment  a  iluid  is  injected  into  the  veins  of  an  ani- 
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9r.\],  it  enileavours  to  perform  motions  of  deglutition,  as  if  the  sub- 
stance had  been  taken  iu  at  the  mouth.  All  these  attemps  have 
been  toe  few  in  number,  and  are  not  sulttciently  authenticated  ta 
justify  their  application  to  the  human  subject.  But  there  is  every 
reason  to  believe,  that,  -even  with  the  utmost  care,  the  life  of  those 
who  should  submit-to  them,  would  be  endangered;  so  that  it  is  at 
once  humane  and  prudent  to  abstain  from  them. 

XCI  V.  0/  the  secretins.  It  has  been  said,  in  too  general  a  waj', 
•that  the  organs  receive  from  the  blood  conveyed  to  them  by  the 
Arteries,  the  mate-rids  of  the  fluids  winch  they  separate  from  it. 
We  have  seen,  that  the  liver  is  a  remarkable  exception  to  this  gene- 
ral rule;  the  same  observation  seems,  likewise,  applicable  to  the 
mamma?:  they  appear  to  receive  the  elements  of  their  milky  se- 
cretion, from  the  lymphatics,  which  are  so  very  numerous  in  their 
structure. 

One  is,  therefore,  justified  in  saying,  that  the  elements  of  our 
•fluids  may  be  furnished  by  vessels  of  every  kind,  to  the  organs  in 
which  such  iiuids  may  be  elaborated.  The  term  secretion,  what- 
ever its  etymology  may  he,  denotes  that  function  by  which  an 
organ  separates  from  the  blood,  the  materials  of  a  substance  which 
does  not  exist  in  thst  fluid,  with  its  characteristic  qualities.  By 
the  term  secretion,  one  sheuld  not,  therefore,  understand  the  mere 
separation  of  a  fluid  existing,  before  the  action  of  the  organ  by 
which  it  is  prepared. 

XCV.  The  differences  between  tke  secreted  fluids,  are  evi- 
dently connected  with  those  of  the  organs  employed  in  their  for- 
mation. Thus,  the  arterial  exhalation  which  takes  place,  through- 
out the  whole  extent  of  the  internal  surfaces,  maintains  their  conti- 
guity, throws  out  an  albuminous  serosity  which  is  merely  the  serum 
of  the  blood,  slightly  chasged,  by  the  feeble  action  of  a  very  simple 
organization.  The  .auaiysis  of  the  fluid  of  dropsy,  which  is 
merely  the  serosity  constantly  transuding  frem  the  surface  of  the 
serous  membranes,  as  the  pleura  and  peritoneum,  shows,  that  it 
bears  the  strongest  resemblance  to  the  scrum  of  the  blood,  and 
that  it  differs  from  it,  only  iu  the  varying  proportions  of  albumen 
and  of  the  different  salts  which  itholds  in  solution. 

I 1  lis  first  kind  of  secretion,  this  perspiratory  transudation,  would 
seem  to  be  a  mere  filtration,  through  the  pores  of  the  arteries,  of  a 
fluid  already  formed  in  the  blood.  There  is,  however,  besides,  an 
inherestection  in  the  membranes  whose  surface  it  continually  lu- 
bricates.   If  it  were  not  for  this  action,  the  serum  would  remain 
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united  to  the  other  constituent  parts  of  the  fluid,  which  is  in  toi» 
much  motion,  and  at  too  high  a  temperature,  to  allow  of  a  sponta- 
neous separation.  The  term  exhalation,  which  is  applied  to  this 
secretion,  gives  an  incorrect  idea  of  it,  for,  exhalation,  which  is 
a  purely  physical  phenomenon,  and  requiring  the  presence  of  air  to 
dissolve  the  fluid  that  is  exhaling,  cannot  take  place  from  surfaces 
that  are  in  absolute  contact,  and  between  which  there  is  no  inter, 
ral.  The  character  of  this  mode  of  secretion,  is  the  absence  of  any 
intermediate  substance,  between  the  vasa  afferentia  and  the  excre- 
tory ducts;  the  minute  arteries  and  -veins  which  enter  into  the 
structure  of  the  membranes  being,  at  once,  vasa  afferentia  and  ex- 
cretory ducts.  The  iluid  secreted  by  the  serous  membranes,  though 
bearing  a  considerable  analogy  to  the  serum  of  the  blood,  differs 
from  it,  however,  by  being  animalized  in  a  greater  degree.  The 
most  important  function  of  these  organs  is,  therefore,  that  they 
concur  in  the  common  process  of  assimilation  ;'  the  office  which 
has  been  long  assigned  to  them  of  facilitating  the  motion  of  the 
organs  which  .they  envelop,  by  lubricating  their  surface,  will  ap- 
pear to  be  of  very  secondary  importance,  if  it  be  considered,  that 
respiration  is  not  impeded  by  adhesions  between  the  lungs  and  the 
pleura,  and  that,  besides,  the  brain,  which  when  the  cranium 
is  whole,  is  completely  motionless,  is  entirely  surrounded  by  a 
serous  membrane. 

XC VI.  Next  in  order  to  the  serous  transudation,  which  re- 
quires a  very  simple  organization,  comes  the  secretion  which  takes 
place  in  the  cryptae,  in  the  glandular  follicles  and  in  the  mucous 
lacunai.  Each  of  these  small  glands,  contained  within  the  mem- 
branes lining  the  digestive  canal,  the  air  tubes,  and  the  urinary  pas- 
sages,and  the  collection  of  which  forms  the  amygdala?,  the  arytenoid 
glands,  &c.  may  be  compared  to  a  small  bottle  with  a  round  bot- 
tom, and  a  very  short  neck;  the  membranous  parietes  of  these 
vesicular  cryptic  receive  a  considerable  number  of  vessels  and 
nerves.  The  peculiar  action  of  the  parietes  of  these  different 
parts,  determines  the  secretion  of  the  mucus  furnished  by  those 
glands.  These  mucous  fluids,  less  liquid  and  more  viscid  thau 
the  serosity  which  is  the  product  of  the  first  mode  of  secretion, 
contain  mure  albumen  and  a  greater  number  of  salts,  diller  still 
more  from  the  serum  of  the  blood,  and  are  of  a  more  excrementi- 
tious  nature. 

The  bottom  of  these  utricular  glandukc,  is  turned  towards  the 
parts  to  which  the  mucous  membranes  adhere;  their  mouth,  or 


245 


peck,  opens  on  the  surface  at  which  those  membranes  arc  in  con- 
tact. These  kinds  of  excretory  ducts,  wider,  or  narrower,  and 
alwayS  very  short,  sometimes  unite,  run  into  each  other,  and  open 
within  thr  cavities.  These  common  orifices,  at  which  several  mucous 
glands  empty  themselves,  are  easily  seen  on  the  amygdala;,  towards 
the  mucous  lacuua;  of  the  rectum  and  of  the  urethra,  at  the  base  of 
the  tongue,  <Jcc.  The  albuminous  fluid,  which  is  poured  within 
those  glandular  cryptae,  remains  some  time  within  the  cavity, 
becomes  thicker  from  the  absorption  of  its  more  fluid  parts;  for, 
there  are,  likewise,  lymphatics  within  the  texture  of  their  parietes. 
When  the  surfaces,  on  which  they  are  situated,  require  to  be  mois- 
tened, this  small  pouch  contracts,  and  throws  up  the  fluid  with 
which  it  is  tilled.  The  secretiou  aud  excretion  are  promoted  by 
the  irritatiou  which  the  presence  of  the  air,  of  the  aliment,  or  of  the 
urine  occasions,  by  the  compression  exerted  by  those  substances, 
and  lastly,  by  the  peristaltic  contractions  of  the  muscular  planes 
to  which  the  mucous  membranes  adhere,  throughout  the  whole  ex- 
tent of  the  digestive  tube. 

XC  VTI.  Those  fluids  which  differ  much  from  the  blood,  require 
for  their  secretion,  organs  of  a  more  complicated  nature;  such 
organs  are  called  conglomerate  glands,  to  distinguish  them  from 
the  lymphatic  glands,  which  have  been  termed  conglobate.  Those 
glands  constitute  the  viscera,  and  are  formed  by  a  number  of 
nerves  and  vessels  of  all  kinds,  arranged  in  fasciculi  and  united 
by  cellular  membrane.  A  membrane  peculiar  to  the  organs,  or 
supplied  by  those  which  line  the  cavities  in  which  they  are  con- 
tained, covers  their  outer  part,  and  insulates  them  from  the  neigh- 
bouring organs. 

The  intimate  arrangement  of  the  different  parts  which  form  the 
secretory  glands,  the  disposition  of  the  arteries,  of  the  veins  and 
nerves,  and  the  manner  in  which  the  lymphatics  and  excretory 
ducts  arise  from  them,  have  given  rise  to  endless  discussions,  and 
formed  the  basis  of  foimer  physiological  theories.  What  follows  may 
be  con-.idered  as  a  correct  abstract  of  what  is  known  on  the  subject. 

The  respective  arrangement  of  the  similar  parts  (pur lies  simi- 
luires* )  which  enter  into  the  structure  of  the  glands  and  w  hie  h 
form  their  proper  substance,  or  parenchymal,  is  different  in  each 
of  them:  this  explains  their  differences,  in  the  double  relation  of 

*  By,  partim  Mimilaim,  the  author  means  the  dimple  elementary  tissues.—  See 
>he  pr-liminary  di-cours-e,  page  17. 

t  Dp  thedifl'ercciappe.-jrauce»  of  the  substance  of  glandular  bodies,  defend  on 
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lluir  properties  and  their  uses.  The  arteries  are  not,  as  Ruysch 
thought,  immediately  continuous  with  the  excretory  duets,  nor  an* 
there  intermediate  glands  between  those  vessels,  as  Malpighi  con- 
ceived. It  seems  more  prob:ible,  that  each  gland  has  its  own  pe- 
culiar cellular  or  parenchymatous  tissue,  in  the  areola?  of  which, 
the  arteries  pour  the  materials  of  the  fluid  which  the  gland  prepares, 
in  rirtue  of  a  power  which  is  inherent  to  it,  and  which  is  its  distiu. 
guishing  character.  Tire  lymphatics  and  the  excretory  ducts 
arise  from  the  parietes  of  those  eells;  and  these  two  kinds  of  ves- 
sels absorb  ;  the  one  set,  the  secreted  fluid  which  thpy  carry  to  the 
reservoirs  in  which  it  accumulates,  while  the  other  set  take  up  that 
part  of  the  fluid,  on  which  the  organ  has  not  completed  its  action  ; 
in  other  words,  the  residue  of  secretion. 

XCVIII.  Of  accidental  secretions.  If  one  wished  to  extend 
the  idea  attached  to  the  term  secretion,  one  might  say,  that  every 
thing,  in  the  living  economy,  is  performed  by  means  of  the  secre- 
tions. What  is  digestion,  but  the  separation  or  secretion  of  the 
chylous  or  nutritive  parts  of  aliments,  from  their  faecal  or  excre- 
mentitious  portion  ?  Do  not  the  absorbents  concur  in  this  secre- 
tion ;  may  they  not  be  considered  as  the  excretory  ducts  of  the  di- 
gestive organ  which  acts  on  the  aliment,  in  the  same  manner  as  a 
secretory  gland  acts  on  the  blood  that  contains  the  materials  of  the 
fluid  to  be  elaborated.  Respiration,  as  wc  have  already  seen,  is 
but  a  double  secretion  which  the  lungs  perform,  on  the  one  hand, 
of  the  oxygen  contained  in  the  atmospherical  air,  and  on  the  other 
hand,  of  the  hydrogen  and  carbon,  of  the  water,  and  of  the  other 
heterogeneous  principles  contained  in  venons  blood ;  and,  as  will 
be  shewn  in  the  ensuing  chapter,  nutrition  is  but  a  peculiar  mode 
of  secretion  which  is  different  in  every  organ.  It  is,  therefore, 
only  after  a  series  of  very  delicate  and  very  complicated  separa- 
tions and  analyses,  that  the  organs  are  enabled  to  make  extraneous 
substances  undergo  such  a  change  of  composition,  as  to  render 
them  fit  for  their  growth  and  reparation. 

the  different  manner  in  which  the  similar  parts  cross  each  other,  and  on  their  diffe- 
rent proportions  in  every  gland  ;  or  do  these  differences  of  colour,  of  density, 
bv  means  of  which  we,  so  readily,  distinguish  the  substance  of  the  liver  from 
that  of  the  salivary  glands,  depend  on  the  existence  of  a  peculiar  tissue  in  each 
organ?  This  question  cannot  be  answered,  in  the  present  state  of  anatomy. 
The  opinion,  however,  w  hich  supposes  the  different  nature  of  the  glands  to  de- 
pend on  the  different  proportions  of  those  constituent  ports,  iu  each  uf  them,  ap- 
pears the  ujost  probable. 
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There  is  every  reason  to  believe,  that  the  phenomena  of  sen- 
sation and  of  motion,  by  means  of  which  man  keeps  up,  with 
surrounding  objects,  the  relations  necessary  to  his  existence,  are 
the  result  of  the  secretions  of  vt  Inch  the  blood  furnishes  the  mate- 
rials prepared  by  the  brain,  by  the  nerves,  by  the  muscles, 
kc.  A  plant  separates  from  the  earth,  in  which  its  roots  are 
buried,  the  juices  which  it  requires;  thesejuices  constitute  the  sap, 
which,  after  being  filtered  through  a  multitude  of  canals,  supplies 
the  ditl'erent  secretions  whose  products  are  leaves,  blossoms  and 
fruits,  with  gums,  essential  oils,  and  acids.  All  organized  bodies 
are,  therefore,  so  many  laboratories,  in  which  numerous  instru- 
ments spontaneously  perform  various  compositions,  decomposi- 
tions, syntheses,  analyses,  which  may  be  considered  as  so  many  se- 
cretions from  the  common  fluid. 

If  we  confine  ourselves  in  our  view  of  the  subject,  and  limit  our 
attention  to  mau,  the  principal  and  almost  the  sole  object  of  our 
study,  we  shall  see  that  the  different  secretions  that  may  take  place 
in  him.  are  extremely  numerous  and  vaiied,  and  that  a  change  in 
the  condition  of  one  of  his  organs,  is  sufficient  to  enable  it  to  se- 
crete a  new  iiuid.  Hence  inflammation  in  any  gland,  is  sufficient 
to  alter  the  secretion  of  the  organ  that  is  affected.  A  portion  of 
adipose  tissue,  on  being  affected  with  inflammation,  shall  secrete, 
instead  of  fat,  a  whitish  fluid  known  by  the  name  of  pus.  The 
pituitary  membrane,  when  inflamed,  furnishes  a  mucus  more  fluid 
and  more  abundant,  and  which,  by  degrees,  returns  to  its  natural 
state,  in  proportion  as  the  coryza  goes  off;,  the  serous  membranes, 
as  the  pleura  and  the  peritoneum,  will  allowa  greater  quantity  of 
serum  of  a  more  albuminous  quality,  sometimes  even  coagulable 
lymph,  to  exude:  at  other  times,  inflammation  causes  an  adhesion 
of  their  contiguous  surfaces,  and  as  the  inflammatory  state  varies 
in  intensity,  the  accidental  secretion  will  likewise  vary  as  to  its 
qualities  :  thus,  the  phlegmonous  inflammation  which  should  fur- 
nish, on  terminating  in  suppuration,  a  whitish  fluid,  thick,  consis- 
tent, and  almost  without  smell,  will  give  out,  if  the  process  is  not 
sufficiently  active,  a  serous  pus,  colourless,  and  without  consis- 
tence, Sec.  For  the  same  reason,  the  blood  vessels  of  the  uteru9 
pour  out,  in -some  women,  a  dark  coloured  blood,  while  in  others, 
they  give  out  a  mere  serosity,  very  slightly,  if  at  all,  tinged  with 
blood. 

The  menstrual  discharge,  in  women,  is  the  product  of  a  real  se- 
cretion of  the  arterial  capillaries  of  the  uterus,  .in.  the  same  manner 
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as  (hose  vessels  in  the  pituitary  membrane,  the  membrane  which 
lines  the  bronchia^,  the  stomach,  the  intestines,  the  bladder,  StC* 
pour  out  blood  abundantly,  or  allow  its  transudation,  when  irrita- 
tion is  determined  to  those  parts;  in  hemorrhage  from  the  nose,  in 
bleeding  from  (he  lungs,  or  from  the  stomach,  when  (he  vessels  are 
not  ruptured  by  external  violence.  Apoplexy  itself,  whether  san- 
guineous or  serous,  may,  in  several  instances,  be  ranked  anion;* 
those  secretory  evacuations,  the  quality  of  which  varies,  according 
to  the  energy  of  the  capilliaries  which  produce  it.  On  opening 
dead  bodies,  one  frequently  meets  with  a  collection  of  blood  in  the 
ventricles  of  the  brain,  in  persons  who  have  died' from  apoplexy, 
yet  the  most  careful  examination  does  not  enable  one  to  detect 
the  slightest  laceration  or  rupture  in  the  veins  or  in  the  arteries 
■within  the  skull. 

The  nerves,  of  which  there  is  always  a  certain  number  in  the 
structure  of  the  secretory  organs,  and  which  are  principally 
branches  of  the  great  symphathetic*  nerves,  terminating  in  various 
vvays,  in  (heir  substance,  give  to  each  of  them  a  peculiar  sensibility, 
by  means  of  which  they  discover  in  the  blood  which  the  vessels 
bring  to  them,  the  materials  of  the  fluid  which  they  are  destined 
to  secrete,  and  these  they  appropriate  to  themselves  by  a  real  se- 
lection. Besides,  the  nerves  communicate  to  them  a  peculiar 
mode  of  activity,  the  exercise  of  which  makes  those  separated 
elements  undergo  a  peculiar  composition,  and  bestows  on  the  fluid 
which  is  the  product  of  it,  specific  qualities  always  bearing  a  cer- 
tain relation  to  the  mode  of  action  of  which  it  is  the  result.  Thus, 
the  liver  seizes  the  materials  of  the  bile  contained  in  the  blood  of 
the  vena  porta;,  elaborates,  combines  those  materials,  and  converts 
them  into  bile,  an  animal  fluid,  distinguishable  by  peculiar  cha- 
racteristic properties  subject  to  certain  variations,  according  as 
(he  blood  contains,  in  different  proportions,  the  elements  of  which 
it  is  formed  ;  according  as  the  gland  is  more  or  less  disposed  to  re- 
tain them, and  to  blend  them  together.  The  qualities  of  thf>  bile  de- 
pending on  a  concurrence  of  all  these  circumstances,  must  present 
as  many  differences  as  the  blood  which  contains  its  elements,  and 
the  liver  may  present  varieties,  with  regard  to  the  composition  of 

*  They  are  likewi«e  given  off,  in  great  number,  from  the  cerebral ;  ton?,  the 
*nlivary  glands  reeeive  from  the  seventh  pair,  from  the  maxillary  nerve,  from 
the  fifth  pair  and  from  the  cervical  nerves,  a  number  of  nerves  that  will  appear 
very  great,  if  the  bulk  of  those  glands  is  considered. 
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the  former  and  to  the  activity  of  the  latter.  Hence  the  many 
changes  in  the  qualities  of  the  fluid,  the  slightest  of  which,  not  af- 
fecting t!ie  health,  escape  observation,  while  those  changes  which  are 
greater  and  which  disorder  the  natural  order  of  the  functions, 
Shew  themselves  in  diseases  of  which  they  may  be  considered  as 
the  effect*,  and  at  other  times,  as  tho  cause.  These  changes  in  the 
condition  of  the  bile  (and  -what  is  now  said  applies  to  almost  all 
the  secretions  of  the  animal  economy),  these  changes  are  never 
carriod  so  far  as  to  make  the  bile  lose  all  its  distinguishing  charac- 
ters, it  never  takes  on  the  qualities  belonging  to  another  fluid,  it 
never  resembles  semen,  urine,  or  saliva. 

The  secretory  glands  do  not  carry  on  an  uninterrupted  action; 
alraostall  of  them  are  subject  to  alternate  action  and  repose;  all, 
as  Bordeu  observed,  sleep  or  waken,  when  irritation  afl'ects  them 
or  their  neighbouring  parts,  and  determines  their  immediate  or 
symphathetic  action.  Thus,  the  saliva  is  more  plentifully  secreted 
during  mastication;  the  gastric  juice  is  poured  within  the  stomach, 
only  while  digestion  is  going  on  ;  when  the  stomach  is  emptied  of 
food,  the  secretion  ceases,  and  is  renewed,  when  the  presence  of 
food  again  excites  a  sufficient  degree  of  irritation.  The  bile 
tiows  more  abundantly,  and  the  gall  bladder  frees  itself  of  that 
which  it  contains,  while  the  duodenum  is  filled  by  the  chymous  mass. 

When  a  secretory  organ  is  in  action,  it  determines  the  motion 
of  the  parts  in  its  vicinity,  or,  as  Bordeu  expresses  it,  within  its 
ntmosphere.  A  part  is  said  to  belong  to  the  department  of  a  cer- 
tain gland,  when  it  partakes  in  the  motion  affecting  the  latter, 
daring  the  process  of  secretion,  or  when  it  is  employed  in  func- 
tions subservient  to  that  of  the  gland ;  these  departments  are  of 
different  extent,  according  to  the  importance  of  the  action  of  the 
gland.  Thus,  one  may  say  that  the  spleen  and  most  of  the  viscera 
of  the  abdomen  are  of  the  department  of  the  liver  since  they  receive 
from  it,  the  blood  on  which  they  are  to  act.  The  liver  is  also 
comprized  in  the  sphere  of  activity  of  the  duodenum,  since  the  dis- 
tention of  that  intestine  irritates  it,  determines  a  more  copious  flow 
of  its  fluids,  and  a  more  abundant  secretion  of  bile. 

C.  Ttie  blood  which  is  sent  to  a  secretory  gland,  before  reach- 
ing it,  undergoes  preparatory  changes,  which  dispose  it  to  furnish 
the  materials  of  the  fluid  which  is  to  be  separated  from  it.  We 
have  seen,  in  treating  of  digestion,  how  the  blood  which  the  vena 
portae  sends  to  the  liver,  is  fit  for  the  secretion  of  bile.  There 
can  be  no  doubt,  that  the  portion  of  blood  which  is  carried  to  the 
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«estidesy  by  the- Jong,  slender,  and  tortuous  spermatic  artentsy 
undergoes  changes  which  bring  it  nearer  to  the  seminal  fluid. 

The  rapidity  with  which  the  blood  flows  into  an  organ,  the 
length,  the  diameter,  the  direction,  the  angles  of  its  vessel-i,  the  ar- 
rangement of  their  extreme  r-amilications,  which  may  be  stellated, 
as  in  the  liver,  in  fasciculi,, as  hi- the  spleen,  convoluted,  as  in  the 
testicles,  &c.  are  circumstances  which  should  be  taken  into  account 
in  the  study  of  each  secretion,  since  all  have  some  influence  on  the 
nature  of  the  fluid- secreted,  and  on.  the  manner  in  which  the  secre- 
tion is  effected. 

The  fluid  which  lubricates  the  whole  extent  of  the  moveable  sur- 
faces by  which  the  bones  of  the  skeleton  are  articulated  together, 
is  not  exclusively  prepared  by  the  membrauous  capsules  which  en- 
velop the  afticulations.  A  number  of  reddish  coloured  cellular 
substanees,  placed  in  their  vicinity,  co-operate  in  the  secretion. 
Though  these  parts,  which  were  long  considered  as  synovial  glands, 
do  not  completely  resemble  the  conglomerate  glands,  and  although 
no  glandular  bodies,  nor  excretory  ducts,  can  be  demonstrated  in 
them,  they  cannot,  however,  but  be  considered  as  -fulfilling,  to  a 
certain  degree,  the  same  functions,,  and  one  must  admit  that  they 
are  of  some  utility,  in  the  secretion  of  the  synovia.  They  are 
always  met  with;  their  ex-tent  and  bulk  are  always  proportioned 
to  the  extent  of  the  articular  surfaces,  and  to  the  frequency  of  mo- 
tion in  the  joints  near  which  they  are  situated.  They  are  found  in 
all  animals  ;  pale  and  light  coloured  in  those  which  have  been  long 
at  rest;  red,  highly  vascular  and  bearing  the  marks  of  a  kind  of 
inflammatory  diathesis,  in  those  w  hich  have  been  compelled  to  vio- 
lent exercise,  as  the  oxen  which  are  brought  to  Paris  from  distant 
provinces,  and  the  wild  animals  which  have  been  hunted.  In 
anchylosis,  they  are  less  red  and  of  greater  consistence,  than  in  a 
healthy  state- 
When,  from  the- irritation  attending  friction,  the  fluids  are  de- 
termined towards  an  articulation  which  is  in  motion,  do  they  not 
then,  by  passing  through  those  glandulo-cellular  bodies,  undergo  a 
peculiar  modification  w  hich  renders  them  fitter  for  the  secretion  of 
synovia.  This  would  not  be  the  only  instance,  in  the  human  body, 
of  parts  whose  action  is  but  secondary  and  connected  with  that  of 
other  organs  principally  engaged  in  a  secretion  whose  materials 
are  contained  in  the  Wood  which  passes  through  them.  Jt  will  be 
urged,  no  doubt,  that  this  preparatory  apparatus  is  not  met  within 
the  neighbourhood  of  the  great  cavities  :  but  it  should  be  rccol- 
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looted,  that  the  chemical  composition  and  the  uses  of  the  synotvia, 
are  not  precisely  the  same  as  those  of  the  fluids  secreted  by  the 
pleura  or  the  peritoneum  ;  and  that,  besides,  the  analogy  between 
two  objects,  does  not  constitute  their  identity.  The  human 
mind  being  naturally  indolent,  loves  to  discover  analogies  that  sup- 
port it  in  its  weakness,  and  that  may  save  it  the  trouble  of  seeking 
points  of  difference.  1  am  aware,  that  to  prove  that  the  mecha- 
nism of  the  synovial  secretion,  which  exactly  resembles  that  of  the 
fluid  w  hich  moistens  the  inside  of  the  great  cavities,  requires  like 
it  but  a  simple  membranous  apparatus,  it  -is  Customary  to  repeat, 
inererv  possible  "way,  that  .Nature  is  scanty  in  her  means,  and  la- 
vish in  her  results;  that  she  produces  from  the  same  cause,  a  va- 
riety of  different  effects,  &c.  but  without  pointing  out  the  mani- 
fest absurdity  of  admitting  metaphysical  arguments  in  the  natural 
-sciences,  is  it  not  much  more  reasonable  to  acknowledge  with 
philosophers,  that  the  primitive  cause  may  -vary  in  many  ways,  and 
that  its  innumerable  modifications,  whence  arise  the  difference  in 
the  effects,  exceed  the  limited  powers  of  our  understanding? 

CI.  When  a  gland  is  irritated,  it  becomes  a  centre  of  fluxion, 
towards  which  the  fluids  are  determinedfrom  every  part;  it  swells, 
hardens,  contracts,  rs  in  a  kind  of  state  of  erection,  bends  on  itsclT, 
and  acts  on  the  blood  conveyed  by  its  vessels.  Secretion,  depend- 
ing on  the  peculiar  and  inherent  power  of  the  glandular  organ,  is 
promoted  by  the  slight  motion  which  it  receives  from  the  neigh- 
bouring muscles.  The  gentle  pressure  of  those  parts  on  the  glan- 
dular organs,  is  sufficient  to  keep  up  their  excitement  and  to  assist 
in  the  separation  and  excretion  of  the  fluid.  Bordeu,  in  his  excel- 
lent work  on  the  glands  and  on  their  action,  bas  shewn  that  it  is 
not  in  consequence  of  tire  compression  which  is  produced  on  them 
by  the  neighbouring  muscles,  that  they  part  with  the  flnid  they  have 
prepared,  that  physiologists  were  therefore  very  much  in  the  wrong, 
in  saying,  that  the  excretion  of  a  fluid  consisted  merely  in  its 
expression,  and  in  comparing,  under  that  point  of  view,  (he 
glands  t©  spunges  soaked  with  a  fluid  which  they  give  out,  on 
being  squeezed. 

Th^  excretory  ducts  of  organs  absorb  or  reject  the  secreted 
fluid,  according  as  it  affects  their  inhalant  mouths ;  these  canals 
partake  in  the  convulsive  state  of  the  gland,  undergo  a  degree  of 
erection,  and  contract  on  the  fluid  to  expel  it.  Thus,  the  saliva 
starts  from  the  parotid  duct,  at  (he  sight,  or  on  the  recollection  of 
food  that  has  been  longed  for:  thus,  the  vesiculx  seminales  and  (he 
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urethra  (for  (he  reservoirs  in  which  the  fluids  lie  sometime  before 
being  expelled,  may  be  considered  as  forming  a  part  of  the  excre- 
tory ducts),  contract,  become  straighter,  and  lengthen  themselves 
to  force  to  a  distance  the  spermatic  fluid. 

The  thin  and  transparent  ureters  of  fowls,  have  been  seen  to 
contract  on  the  urine  which,  in  these  animals,  concretes,  on  the 
slightest  stagnation. 

After  remaining  a  certain  length  of  time,  in  that  state  of  exci- 
tement, the  glands  relax,  their  tissue  collapses,  the  juices  cease  to 
be  conveyed  to  it  as  plentifully,  they  fall  into  a  state  of  repose  or 
sleep,  which  restores  their  sensibility,  exhausted  by  too  much 
action.  It  is  well  known,  that  a  gland  over-stimulated  becomes, 
like  any  other  part,  insensible  to  the  stimulus,  the  continued  ap- 
plication of  which  parches  and  exhausts  it. 

From  what  has  just  been  said  relative  to  the  mechanism  of  the 
secretions,  it  will  be  seen,  that  this  function  may  be  divided  into 
three  very  distinct  periods :  1st,  that  of  irritation,  characterized  by 
the  growth  of  the  vital  properties,  and  by  the  more  copious  acces- 
sion of  the  fluids,  the  necessary  consequence  of  that  excitement ; 
2nd,  the  action  of  the  gland;  that  is,  its  secretion,  properly  so 
called ;  3d,  lastly,  the  action  by  which  the  organ  parts  with  the 
fluid  which  it  has  prepared  ;  this  is  the  last  process,  it  is  called  ex- 
cretion and  is  promoted  by  the  action  of  the  neighbouring  parts. 
The  determination  of  fluids  to  the  part,  the  secretion  and  excre- 
tion succeed  each  other;  they  are  preceded  by  the  excitement 
which  is  the  primary  cause  of  all  the  subsequent  phenomena.  The 
circulation  is,  at  first,  excited,  more  blood  is  sent  into  the  part, 
and  penetrates  into  the  tissue  of  the  gland.  Dr.  Murat  has  had 
occasion  to  open  a  considerable  number  of  old  men,  w  ho  died  at 
the  Bicetre,  and  who  were  known  to  be  great  smoakers  of  tobacco. 
He  uniformly  observed,  that  their  parotid  glands,  continually 
called  into  action  by  that  habit,  were  larger  than  in  those  who 
were  not  given  to  it,  and  that  they  were  remarkably  red,  in 
consequence  of  the  blocd  with  winch  they  were  constantly 
injected. 

What  is  the  office  of  the  nerves  in  the  act  of  secretion;  what 
share  has  the  nervous  influence,  in  the  elaboration  of  the  fluids 
furnished  by  the  glandular  organs?  All  the  glands  which  receive 
their  nerves  from  the  system  of  animal  life,  such  as  the  lachrymal 
and  salivary  glands,  appear,  in  certain  cases,  to  receive,  from  the 
brain,  the  secretory  excitation.    The  influence  of  the  imagina 
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tiou  is  sufficient  to  determine  it ;  thus,  we  shed  involuntary  tears, 
phen  the  mind  is  taken  up  with  painful  thoughts;  and  the  mouth 
fills  with  saliva,  on  the  recollection  of  a  grateful  meal.  In  such 
paseSj  the  influence  of  the  nerves,  on  the  process  of  secretion, is  in- 
disputable ;  it  is  not  so,  however,  with  the  conglomerate  glands 
that  receive  their  nerves  from  the  great  sympathetics.  The  secre- 
tion of  the  kidneys,  of  the  liver,  and  of  the  pancreas,  appears  less 
influenced  by  affections  of  the  mind  ;  the  brain,  besides,  has  no  im- 
mediate connection  with  these  glands;  their  nerves  are,  almost  en- 
tirely, given  off  by  the  great  sympathetics  ;  the  kidneys  in  particu- 
lar, receive  no  nerves  from  the  brain  or  from  the  spinal  marrow, 
hence  the  secretion  of  urine  seems,  more  than  any  other,  to  be  in- 
dependant  of  the  nervous  inlluence. 

This  great  number  of  secretory  organs,  constantly  engaged  in 
separating  various  secretions  from  the  mass  of  the  fluids,  would 
soon  exhaust  it,  if  the  calculations  of  physiologists  of  the  amount 
of  what  a  gland  is  capable  of  secreting,  were  not  manifestly  exag- 
gerated. In  fact,  if  we  admit,  with  Haller,  that  themucous  glands 
of  the  intestinal  canal  secrete,  in  twenty  four  hours,  eight  pounds 
of  mucus;  that,  in  the  same  space  of  time,  the  kidneys  secrete  four 
pounds  of  urine;  that  the  same  quantity  is  lost  by  the  insensible 
perspiration  ;  and  again,  as  much  by  the  pulmonary  exhalation  ; 
there  will  be  lost,  daily,  twenty  pounds  of  fluids,  almost  entirely, 
excrcmenlitious;  for,  we  do  not  include  in  that  calculation,  the 
bile,  the  tears,  nor  the  saliva  and  pancreatic  fluid,  which,  in  part, 
returns  into  the  blood  after  being  separated  from  it;  nor  the 
serum  which  moistens  the  internal  surfaces,  and  which  is  purely  re- 
cremeotitious. 

This  exaggeration,  in  the  calculation  of  the  fluids  which  are 
daily  poured  out  by  the  different  emunclories,  is  to  be  attributed  to 
the  circumstance  of  having  laken  the  maximum  of  each  secretion, 
without  considering  that  they  mutually  supply  each  other;  so  that, 
■when  less  urine  is  voided,  the  quantity  of  perspiration  is  greater, 
and  vice  versa.  It  is  very  well  known,  that  a  violent  diarrhea  is 
frequently  the  consequence  of  sudden  cold  applied. to  the  skin; 
the  fluids,  at  once  repelled  towards  the  intestinal  canal,  having 
to  pass  through  the  mucous  glands  whose  action  is  greatly  in- 
creased. 

Cil.  It  has  been  customary  to  enumerate,  among  the  glands, 
certain  bodies  which  have  truly  a  glandular  appearance;  but  the 
uses  of  which  are  yet  unknown.    Thus,  the  thyroid  and  thymu* 
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•glands,  which  are  parenchymatous  organs  destitute  of  excretory 
ducts,  though  receiving  many  vessels  and  some  nerves,  do  not  ap- 
pear to  secrete  any  fluid.  But  may  not  the  blood,  which  is  con. 
veyed  so  plentifully  to  the  thyroid  gland,  undergo  nevertheless 
■certain  changes,  though  we  may  not  be  able  to  discover  what  they 
are.  Besides,  may  not  the  lymphatics  perform  the  oflice  of  excre- 
tory ducts  and  convey  back  again  immediate  ly  into  the  mass  of  the 
idood,  the  fluid  which  has  undergone  changes  in  the  glandular 
hody?  The  capsular  renales  are  in  the  same  condition:  they  have 
however,  in  addition,  an  internal  reservoir,  a  kind  of  lacuna^ 
whose  parietes  are  smeared  witha  viscid  and  brown  coloured  sub- 
stance secreted  by  the  capsule,  and  which,  doubtless,  is  conveyed 
into  the  mass  of  the  blood  by  the  lymphatics  arising  from  the  pa> 
rietes  of  its  internal  cavity. 

CI1L  Of  the  secretion  of  adeps  zoithin  the  cellular  tissue, 
This  soft  tissue  which  is  diffused  over  the  whole  body,  and  affords 
a  covering  to  all  our  organs,  is  of  use  not  merely  in  separating  them 
from  one  another,  and  in  connecting  together  the  different  parts; 
it  is,  besides,  the  secretory  organ  of  the  adipose  substance,  a  semi 
concrete  oily  animal  substance  which  is  found,  in  almost  every 
part  of  the  body,  -deposited  in  its  innumerable  cells.  The  mem- 
branous parietes  of  these  small  cellular  -cavities  are  supplied  by  nu- 
merous minute  arteries,  in  which  tlie  adeps  is  separated  ;  it  is  con- 
veyed by  its  specific  light  weight  to  the  circumference  of  the  column 
of  blood  in  the  vessels,  and  transudes  through  the  pores  in  their 
parietes.  Its  quantity  and  consistence  vary,  in  different  parts  of 
the  body,  and  in  different  persons :  there  is  situated  below  the 
skin  a  thick  layer  of  cellular  substance  (pannicule  graisseux)  j  it  is 
found,  in  considerable  quantity,  between  the  interstices  of  the 
muscles,  along  the  blood  vessels,  near  the  articulations  and  in  the 
vicinity  of  certain  organs,  as  the  eyes,  the  kidneys,  and  the  breasts. 
That  which  fills  the  bottom  of  the  orbit,  and  which  surrounds  the 
eyeball,  is  softish  and  almost  fluid;  that  which  envelops  the  kid- 
neys and  the  great  joints  is,  on  the  contrary,  of  the  consistence  of 
suet.  Between  these  two  ^extremes,  there  are  many  gradations, 
and  it  may  be  said,  that  the  animal  oil  in  question,  is  not  exactly 
the  same  in  any  two  different  parts  of  the  body.  The  high  tem- 
perature of  the  human  body  maintains  it  in  a  state  of  semi  fluidity, 
as  may  be  observed  in  surgical  operations. 

In  some  parts,  it  is  even  absolutely  fluid,  but  its  nature  is  then 
observed  to  be  greatly  changed,  it  no  longer  contains  any  oily  sub. 
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stance  and  differs,  but  little,  from  a  mere  aqueous  gelatine.  Th'usy, 
the  iluid  in  the  cellular  tissue  of  the  eye-lids,  of  the  scrotum,  &c- 
has  been  considered  by  several  physiologists,  as  absolutely  ditfe- 
reut  from  fat.  It  may  not  be  amiss  to  observe,  that  the  lamina;  of 
the  cellular  tissue,  in  such  circumstances,  yield  more  readily  to- 
extension,  present  a  greater  surface,  form  membranous  expansions,, 
and  circumscribe  cells  of  a-  considerable  size,  so  that  the  differences- 
in  the  secretion,  perfecty  coincide  with  the  difference  of  structure- 
It  may  further  be  observed,  that  the  functions- of  the  eyelids  and  of 
the  penis  required  that  they  should  not  contain  any  fat.  Conside- 
rable deformity,  when  the  person  grew  fat,  would  have  been  the 
consequence  of  the  increased  bulk  of  these  parts,  and  besides,  the 
folds  of  the  skin  would  not  have  that  free  motion  which  their  func- 
tions require.  No  real  adeps  is  ever  found  w  ithin  the  skull,  and 
the  utility  of  this  condition  is  very  obvious.  To  how  many  dan- 
gers would  not  life  have  been  exposed,  if  a  fluid,  so  varying  in. 
quantity,  and  the  amount  of  which  may  be  trebled,  in  a  very  short 
space  of  time,  had  been  deposited  into  a  cavity  accurately 
filled  by  an  organ  which  is  affected  by  the  slightest  com. 
pression  ? 

In  an  adult  male,  of  moderate  embonpoint,  the  proportion  of 
adeps  is  about  one  twentieth  of  the  weight  of  the  whole  body it 
is  greater,  in  proportion,  in  children  and  in  females;  for,  its  quan- 
tity is  always  relative  to  the  energy  of  the  functions  of  assimilation, 
tl  hen  digestion  and  absorption  are  performed  with  great  activity 
fat  accumulates  within  the  cellular  substance ;  and  if  it  be  consi- 
dered that  it  is  but  imperfectly  animalized,  that  it  bears  the  most 
striking  analogy  to  the  oils  extracted  from  plants;  that  it  contains 
very  little  azote  and  much  hydrogen  and  carbon^  like  all  other 
oily  substances,  since  on  distillation  it  is  decomposed,  and  yields 
water  and  carbonic  acid,  with  a  very  small  quantity  of  ammonia  ; 
that  its  proportions  are  very  variable,  and  maybe  considerably 
increased  or  diminished,  without  manifestly  impairing  the  order  of 
the  functions;  that  animals  that  spend  a  great  part  of  their  life, 
without  eating,  seem  to  exist  during  their  torpid  stale,  on  the  fat 
which  they  have  previously  accumulated  in  certain  parts  of  their 
body*;  one  will  be  led  to  think,  that  the  state  of  fat  is,  to  a  portion 
of  the  nutritive  matter  extracted  from  the  food,  a  kind  of  interme- 


♦  Marmo(3  and  dormice  become  prodigiously  fat  during  the  autumn,  they  then 
take  to  their  holes  and  live  iD  them,  during  (he  six  whiter  months,  on  the  fat- 
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diate  stale,  through  which  it  has  to  pass  before  it  can  be  assimilated 
to  the  animal  whose  waste  it  is  destined  to  repair.  Animals  w  hich 
live  on  grain  and  vegetables,  are  always  fatter  than  those  which 
live  exclusively  on  flesh.  Their  fat  is  consistent  and  firm, 
while  that  of  carnivorous  animals,  is  almost  completely  fluid. 

A  corpulent  man,  on  having  his  diet  suddenly  reduced,  sensibly 
becomes  thinner,  in  a  very  short  time  :  the  bulk  and  weight  of  his 
body  diminishes,  from  the  absorption  of  the  fat  which  supplies  the 
deficient  quantity  of  blood.  Adeps  may,  therefore,  be  consi- 
dered as  a  substance  in  reserve,  by  means  of  which,  notwithstand- 
ing the  small  quantity  of  food  and  its  want  of  nutritious  qualities^ 
Nature,  finds  wherewith  to  repair  the  daily  waste. 

CIV.  The  use  of  adeps  is  not,  as  has  been  stated,  on  the  autho- 
rity of  Macquer,  to  absorb  the  acids  that  are  formed  in  the  animal 
economy;  that  which  is  obtained  from  it,  by  distillation,  (the  sa 
baceous  acid)  is  a  new  product  formed  by  the  combination  of  the 
oxygen  of  the  atmosphere  with  the  hydrogen,  thecarbon,  and  the 
small  quantity  of  azote  which  it  contains.  The  small  q;:uUity  of 
this  last  substance  nearly  constitutes  it  into  a  vegetable  acid.  Fat 
has  a  considerable  affinity  for  oxygen,  and  by  combining  with  it, 
turns  rancid,  after  remaining  some  time  exposed  to  the  air.  It  de- 
prives metallic  oxides  of  a  part  of  their  oxygen,  and  likewise,  on 
being  triturated  with  metallic  substances,  promotes  their  oxidize- 
ment.  In  proportion  as  it  absorbs  oxygen,  its  density  increase?  : 
thus  oils  become  concrete  by  combining  with  oxygen,  and  fat  ac- 
quires a  consistence  almost  equal  to  that  of  wax,  which  is  itself  a 
fatty  substance  highly  oxidized. 

Besides  the  principal  use  which  we  have  assigned  to  adeps,  and 
according  to  which,  the  cellular  system  may  be  looked  upon  as  a 
vast  reservoir  in  which  there  is  deposited  a  considerable  quantity 
of  nutritive  and  semi-animalized  matter,  this  fluid  answers  several 
purposes  of  secondary  utility.  It  preserves  the  body  in  its  natu- 
ral temperature,  being  as  well  as  the  tissue  of  the  cells  in  which 
it  is  contained,  a  very  bad  conductor  of  heat.  Persous  who  are 
excessively  corpulent,  scarcely  feel  the  most  severe  cold;  the  ani- 
mals which  inhabit  northern  climates,  besides  being  clothed  in  a 

which  is  accumulated  ia  all  their  organs.  There  is  most  fat  collected  in  (he 
abdomen,  in  which  the  epiploon  forms  masses  of  a  considerable  size.  When, 
in  the  spring,  their  torpor  ceases,  and  they  awaken  from  their  sleep,  they  are> 
for  the  most  part,  exceedingly  emaciated. 


thick  fur,  are  likewise  provided  wilh  a  considerable  quantify  of  fat. 
The  fishes  of  the  frozen  seas,  the  cetaceous  animals  whicAseldom  go 
f.ir  from  the  polar  regions,  all  kinds  of  whales,  are  covered  with 
f  it,  aud  have  likewise  a  considerable  quantity  within  Uieir  bod\« 
l>y  its  unctuous  qualities,  Tat  promotes  muscular  contraction, 
the  motion  of  the  different  organs,  the  free  motion  on  eivh  other 
of  the  different  surfaces;  it  stretches  and  supports  the  skin,  (ills 
Vacuities  and  gives  to  our  limbs  those  rounded  outlines,  those  Ue- 
gant  aud  graceful  forms  peculiar  to  the  female  body.    Lastly,  it 
envelops  aud  covers  over  the  extremities  of  the  nerves,  diorinishei 
their  susceptibility,  which  is  always  in  an  inverse  ratio  of  the  cm- 
bonpoiut,  which  induced  a  physician  of  merit  to  say,  that  the  ner- 
vous tree,  planted  in  the  adipose  and  cellular  substance,  suffers, 
wheu  from  the  collapse  and  the  removal  of  that  tissue,  its  branches 
are  exposed,  in  an  unprotected  state,  to  the  action  of  external 
causes  as  injurious  to  them,  as  the  rays  of  the  sun  to  a  j  lant  torn 
from  its  native  sail.    It  is,  in  fact,  observed,  that  nervous  people 
are  exceedingly  thin,  and  have  au  excessive  degree  of  sensibility. 
Too  much  fat,  however,  is  as  injurious  as  too  small  a  quantity  of 
it.    I  have  seen  several  persons  whose  obesity  was  such,  that  be- 
sides being  completely  incapable  of  taking  the  slightest  exercise, 
they  were  in  great  danger  of  suffocation.    Respiration  in  such 
persons  is,  at  times,  interrupted  by  deep  sighs,  and  their  heart, 
probably  overloaded  with  fat,  expels,  with  difficulty^  the  blood 
within  its  cavities. 

CV.    According  to  modern  chemists,  the  use  of  fat  is  to  take 
from  the  system  a  part  of  its  hydrogen.    When  the  lungs  or  liver 
are  diseased,  when  respiration  or  the  biliary  secretion  do  not 
tarry  out  of  the  system,  a  sufficient  quantity  of  that  oily  and  in- 
flammable principle,  fat  forms  in  a  greater  proportion.  They 
appeal  to  the  result  of  the  experiment  of  shutting  up  a  goose, 
whose  liver  is  to  be  fattened,  in  a  confined  cage,  placed  in  a  hot 
and  dark  situation,  aud  in  gorging  it  with  paste,  of  which  it  eatg 
the  more  greedily,  as  being  unable  to  stir,  it  gratifies  its  inclina- 
tion to  action,  by  exerting  the  organs  of  digestion.  Notwithstand- 
ing this  quantity  of  food,  the  bird  becomes  emaciated,  is  affected 
with  a  kind  of  marasmus,  its  liver  softens,  grows  fatter,  more  oily, 
aud  attains  an  enormous  si^e. 

This  experimeut,  arid  many  other  facts,  prove,  that  the  secretions 
from  which  analogous  products  are  formed,  may  mutually  supply 
each  other;  but  can  we  admit  the  chemical  theory  of  the  use  of  fat 
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■when  we  ^-collect  (hat  frequently,  in  the  most  corpulent  persons, 
respiration  and  the  secretion  of  bile  are  performed  with  great 
freedom  aid  with  no  difficulty;  while  the  dithcult  respiration  at- 
attending  pulmonary  consumption,  and  the  difficnlt  flow  of  the 
Lile  from  an  obstruction  of  the  Jiver,  arc  always  accompanied  w  ith 
compete  marasmus. 

A}  hatever  moderates  the  activity  of  the  circulatory  system,  tends 
tobriug  on  adipose  plethora.  Thus  an  inactive  state  of  the  mind 
*nd  body,  profuse  bleedings,  castration,  sometimes  induce  obesity, 
an  affection  in  which  the  cellular  tissue  appears  affected  with  atony 
and  undergoes  an  actual  adipose  infiltration,  which  may  be  com- 
pared to  that  which  gives  rise  to  tumours  called  steatomatous.  If 
the  energy  of  theheart  and  arteries  is  too  great,  emaciation  is  always 
the  consequence ;  when,  on  the  contrary,  the  sanguineous  system 
is  languid,  there  is  formed  a  merely  gelatinous  fat  and  the  embon- 
point is  a  mere  state  of  bloatedness. 

This  incompletely  formed  fluid,  which  distends  the  parts  ill  per- 
sons of  a  Ieucophlegmatic  habit,  is  but  an  imperfect  kind  of  fat;  it 
resembles  the  marrow  or  the  medullary  juice,  which  is  merely  a 
■very  liquid  fat,  whose  consistence  diminishes  when  animals  be- 
come lean.  Inclosed  within  the  cells  of  the  osseous  tissue,  in 
cavities  whose  sides  cannot  collapse,  and  whose  dimensions  must 
always  remain  the  same,  the  marrow,  of  which  they  are  never  free, 
is  of  different  degrees  of  density  ;  and  what  authors  say  ©f  its  di- 
minished quantity,  must  be  understood  as  applying  to  the  diminu- 
tion of  its  consistence. 

CVT.  The  secretion  of  the  marrow  is,  like  that  of  the  fat,  a 
mere  arterial  transudation  ;  it  is  performed  by  the  medullary  mem- 
brane, which  is  thin,  transparent,  and  cellular,  which  lines  the  in- 
side of  the  ctntral  cavity  of  the  long  bones,  and  extends  over  all 
t!ie  cells  of  their  spungy  substance.  The  medullary  membrane, 
when  in  a  healthy  state,  does  not  give  any  marks  of  relative  sensi- 
bility.— In  all  the  amputations  I  have  performed,  and  they  haTe 
not  been  few,  in  all  the  operations  of  the  same  kind  at  which  I 
have  been  present,  whatever  the  bone  was,  whether  it  was  divided 
near  a  joint  or  in  the  middle  of  its  body,  I  never  knew  the  patient 
complain  of  pain,  provided  the  limb  was  well  supported  by  the  as- 
sistants and  provided  no  jerk  was  given  by  the  operator  himself. 
In  that  operation,  the  pain  occasioned  by  the  division  of  the  skin 
and  of  the  nerves,  overcomes  every  other  pain,  and  I  have  always 
seen  patients  impressed  with  the  popular  prejudice,  and  expect- 
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ipg  anxiously  the  division  o.f  the  bone,  feci  quite  free  from  pain,  at 
soon  as  the  saw  had  begun  to  work.  Nay,,  several  after  expres- 
sing, by  their  cries,  the  most  acute  pain,  taking  advantage  of  the 
kind  of  ease  which  follows  the  division  of  the  liesh,  raise  their 
head,  and  look  on,  while  the  bone  is  being  sawn  through;  at  once 

actors  and  spectators  in  this  last  part  of  a  painful  and  bloody 

.    .  r  ,.f         ".!r\i;  wioii gfli  j.-  f.:;  = 

operation.  ,      .  .   .     •  ...     .  . 

let  the  medullary  membrane,  the  injury  of  which  is  attended 

with  no  pain,  while  in  a  healthy  state,  Becomes  .the  scat  of  the 

most  exquisite  sensibility, in  (he  pains  in  the  bones  which  mark  the 

last  stages  of  the  venereal  disease  ;  in  the  kind  of  conversion  into  flesh, 

of  the  solid  bone,  known  by  the  name  of  spina  venlosa,  as  will  be 

nieutioued,  in  speaking  of  (he  uses  of  the  in  arrow,  in  the  chapter 

<ia  tke  orgaus  of  motion  and  on  their  action. 
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CHAPTER  Yl,  : 
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7ITcoi)uofpj:o09b  to  rtf  iiorrr 
ON  NUTRITION. 

CVII.  All  the  functions  which  we  hare  hitherto  made  tl.» 
object  of  our  study;  digestion,  by  which  the  alimentary  substance? 
received  within  the  body,  aredeprived  of  their  nutritive  parts;  ab- 
sorption which  conveys  that  recremeutitious  extract  into  tte  mass 
of  the  fluids;  the  circulation,  by  which  it  is  carried  to  the  parts 
wlierein  it  is  to  undergo  different  changes;  digestion,  circulation, 
absorption,  respiration,  and  the  secretions,  are  but  preliminary 
acts,  preparatory  to  the  more  essential  function  treated  of  in  this 
chapter,  and  the  consideration  of  which  terminates  the  history  of 
the  phenomena  of  assimilation. 

Nutriliou  may  be  considered  as  the  complement  of  the  functions 
of  assimilation.  The  aliment  altered  in  its  qualities,  by  a  series  of 
decompositions,  animalized  and  rendered  similar  to  the  substance 
of  the  being  which  it  is  to  nourish,  is  applied  to  the  organs  whose 
waste  it  is. to  repair;  and  this  identification  of  the  nutiitive  matter 
to  o:ir  organs  which  lake  it  up  and  appropriate  it  to  themselves, 
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constitutes  nutrition.    Thus,  there  is  accomplished  a  real  conrer.. 
sion  of  the  aliment  into  our  own  substance. 

There  is  incessantly  going  on  a  waste  of  tie  integrant  particles 
of  the  living  body,  which  a  multiplicity  of  circumstances  tend  to 
carry  away  from  it ;  several  of  its  organs  arc  constantly  engaged 
»u  sepaia'ing  from  it  the  fluids  containing  (he  recrementitious  mate- 
rials of  its  substance  worn  by  the  combined  action  of  tK»-  air  aid 
of  caloric,  by  inward  friction  and  by  a  pulsatory  motion  that 
detaches  its  particles. 

Alike,  therefore,  to  the  vessel  of  the  Argonauts,  so  often  re, 
paired  in  the  course  of  a  long  and  pet ilous  navigation,  that  on 
her  return,  no  part  of  her  former  materials  remained;  an  animal  is 
incessantly  undergoing  decay,  and  if  examined  at  two  different 
periods  of  its  duration,  does  not  contain  one  of  the  same  molecules. 
The  experiment  performed  with  madder,  which  dyes  red,  the  bones 
of  animals  among  whose  food  it  is  mixed,  proves,  most  unquestion- 
ably, this  incessant  decomposition  of  animated  and  living  matter. 
One  has  only  to  interrupt,  for  a  suffu  ient  length  of  time,  the  use  of 
that  plant,  to  make  the  uniformly  red  colour  assumed  by  the 
bones,  completely  disappear.    Now,  if  the  hardest  and  most  solid 
parts,  most  calculated  to  resit  decay,  are  undergoing  a  perpetual 
motion  of  decomposition  and  of  regeneration  ;  there  can  be  no 
doubt,  that  this  motion  must  be  far  more  rapid  in  those  whose 
power  of  cohesion  is  much  inferior;  for  example,  in  the  fluid*. 

Attempts  have  been  made  to  determine  the  period  at  which  the 
body  is  completely  renovated ;  it  has  been  said,  that  an  interval  of 
fiewh  years  was  required  for  one  set  of  molecules  to  di-appear  and 
be  replaced  by  others  ;  but  this  change  must  go  on  more  rapidly 
in  childhood  and  in  youth.  It  must  be  slower  at  a  mature  age, 
and  must  require  a  considerable  time,  at  a  very  advanced  period  of 
life,  when  all  the  parts  of  the  body  become,  in  a  remarkable  de. 
gree,  fixed  and  firm  in  their  consistence,  while  the  vital  powers 
become  mJr«-  languid.  There  can  be  no  doubt,  that  the  sex,  the 
habit,  the  climate  in  which  we  live,  the  profession  we  follow,  our 
mode  of  life,  and  a  variety  of  other  circumstances,  accelerate  or  re- 
tard it;  so  that  it  is  absolutely  impossible  to  fix,  with  any  degiee 
of  certainty,  its  absolute  dnration. 

CVIII.  The  parts  of  our  body,  in  proportion  as  they  undergo 
decay,  are  repaiied  only  by  means  of  homogeneous  particles  exactly 
like  themselves:  were  it  othewise,  their  nature,  which  always  re- 
mains the  same,  would  be  undergoing  perpetual  changes. 
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AVhen,  in  consequence  of  the  successive  changes  which  it  has  un- 
dergonefrom  the  action  of  the  organs  of  digestion,  of  absorption, 
of  the  circulation,  of  respiration,  and  of  secretion,  the  nutritivo 
matter  is  animalized  or  assimilated  to  the  body  which  it  is  to  nou- 
rish, the  parts  which  it  moistens,  retain  it  and  incorporate  it  to 
their  own  substance.  This  nutritivo  identification  is  not  per. 
formed  alike  in  the  brain,  In  the  muscles,  in  the  bones,  &c.  Each 
of  them  appropriates  to  itself,  by  a  real  process  of  secretion,  what, 
ever  it  meets  with  fitted  for  its  nature,  in  the  iluids  conveyed  to  it 
by  the  different  kinds  of  vessels,  but  especially  by  the  arteries  ;  it 
I.  ares  unaffected,  the  remaining  heterogeneous  particles.  A  bone 
is  a  secretory  organ,  around  which  phosphate  of  lime  Is  deposited  ; 
the  lymphatic  vessels  which,  in  the  process  of  nutrition,  perform 
the  office  of  excretory  ducts,  remove  that  saline  substance,  when  it 
has  lain  sufficiently  long  in  the  cells  of  its  tissue.  The  same  hap- 
pens to  the  muscles,  with  regard  to  fibrins,  and  to  albumen  with 
regard  to  tlje  jfratin  every  part  appropriates  to  itself,  and  con- 
verts into  a  solid  form,  those  Iluids  which  are  of  the  same  nature, 
in  virtue  of  a  power  of  which  the  term  affinity  of  aggregation, 
used  in  chemistry,  gives  an  idea,  and  of  which  it  is  perhaps  the 
emblem, 

The  nutrition  of  a  part  requires  that  it  should  be  possessed  of 
sensibility  and  motion  ;  by  tying  the  arteries  and  net  ves  of  a  part, 
it  cannot  be  nourished  nor  can  tt  live.  T;ie  blood  which  Hows 
along  the  veins,  the  fluid  conveyed  by  the  absorbents,  contain,  in 
a  smaller  proportion  than  arterial  blood,  vivifying  and  reparatory 
particles.  It  is  even,  commonly  thought,  that  the  lymph  and 
venous  blood  contain  no  directly  nutritive  particles.  As  to  the 
share  which  the  nerves  take  in  the  process  of  nutrition,  that  is  not 
yet  completely  determined.  A  limb  that  is  paralized,  by  the  divi- 
sion or  tying  of  its  nerves,  or  by  any  other  affection,  sometimes  re- 
tains its  original  size  and  plumpness  ;  moit  fluently,  however, 
though  perhaps  for  want  of  motion,  it  becomes  parched,  emaciated, 
and  shrinks,  in  a  remarkable  degree. 

CIX.  We  should  be  enabled  to  understand  the  process  of  nu- 
trition, if  after  having  accurately  determined  the  difference  of 
composition  between  our  food,  and  the  substance  itself  of  our 
organ-,  we  could  see  how  each  function  robs  the  aliments  of  their 
qualities,  to  assimilate  them  to  our  own  bodies;  and  what  share 
each  function  takes  in  the  transmutation  of  the  nutritive  particles 
into  our  own  substance.    To  illustrate  this  point,  suppose  a  man 
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40  live  exclusively  on  vegetable  substances  which,  in  fact,  form  the 
basis  of  our  food;  on  whatever  part  of  the  plant  he  may  live,  whe- 
ther on  the  stem,  on  the  leaves,  on  the  blossoms,  on  the  seeds,  or  on 
the  root;  carbon,  hydrogen,  and  oxygen  enter  into  the  compo- 
sition of  these  vegetable  substances,  which,  by  a  compete  ana. 
lysis,  may  all.be  resolved  into  water  and  carhonic  acid.  To  tlx  so 
three  constituent  principles,  there  is  frequently  united  a  small 
quantity  of  azote,  of  salts,  and  of  other  malerials,  in  different  pro- 
portions. If  then,  we  examine  the  nature  <>f  the  organs  in  this 
man,  w.hose  food  is  entirely  vegetable,  it  will  be  found  that  they 
are  different  in  their  composition,  and  far  more  animalized  than 
that  kind  of  food  ;  that  azote  predominates,  though  the  vegetable 
substance  contains  none  or  only  a  very  smail  quantity,  that  new 
products,  uudistinguishable  in  the  aliments,  e*ist,  in  considerable 
quantity,  in,  the  body  which  is. fed  on  them,  and  appear  produced 
by  the  very  act  of  nutrition. 

The,  essence  of  this  function  is,  therefore,  to  make  the  nutritive 
master  undergo  a  more advanced  state  of  composition,  todepiivoit 
of  a  portion  of  its.carbon  and  of  its  hydr.ogen,  to  make  azote  pi  t- 
dominate,  and  to.  produce  several  substances,  which  did  not  exi;t  in 
it  before.  All  living  bodies  seem  to  possess  the  faculty  of  compo. 
sing  and  decomposing  the  substances  by  means  of  which  they  are 
maintained,  and  to.  form  new  products;  but  they  possess  it,  in  va- 
rious: degress  of  energy.  The  sea  weed,  from  the  ashes  of  which 
soda  is  obtained,  on  being  sown  in  a  box  of  soil,  in  which  there  is 
not  a  single  particle  of  that  alkali,  and  watered  with  distilled  v>  ater, 
will  no  longer  contain  it,  as  if  it  had  grownon  the  sea  shore,  in  the 
midstof  marshes  constantly  inundatedby  salt  and  brackish  water.* 
Living  bodies  . then,  are  real  laboratories,  in  which  there  are  car* 


*  lain  unacquainted  with  the'details  of  the  experiment  referred  to  by  the 
aathor;  he  quotes  it,  I  conceive,  to  shew  that  the  power  which,  he  says,  is 
common  to  all  living  bodies,  of  producing  a  substance  not  supplied  to  them 
from  without,  is  not  possessed,  in  the  same  degree,  by  all  bodies  endowed  w  itU 
life  :  since  the  sea  weed  here  alluded  to,  docs  not  possess  it,  in  Rn  equal  degree, 
Wh</n  watered  with  distilled  as  with  sea  water.  This,  I  npprehend,  is  the  author's 
meaning,  though  the  text  is  somewhat  obscure,  and  would  almost  lead  one  to 
believe"  !;e  meant,,  that  no  alkali  whatever  can  be  obtained  from  the  sea  plant 
under  the  circumstances  he  states,  "  L'algue  marine  dont  les  cendre*  fourn^cnt 

»  la  BDQta  Kmfe  d:,ns  unc  c:li6se  P,einC  d"-°  tCm"a"       "C  C0""Cnt  .  *  n 

"atom,-  dc  cct  alkali,  arrcsee  avee  ieau  distillce,  wfc.  fournU  pr^commcsi  ellc 

*«  avoii  'pki  sa  croissancc  au  milieu  des  raarais  toujour*  inondes  par  leurs  eaus 
44  snum&trcs  et  rouriatiques." 
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ried  on  combinations  and  decompositions  which  art  cannot  imitate; 
bodies  that  appear  to  ns  simple,  as  soda  and  silex,  seem  to  be 
formed  by  the  union  of  their  constituent  particles ;  while  otherbo- 
dies,  whose  composition  we  do  not  understand,  undergo  an  irresisti- 
ble decomposition;  hence,  methinks,  one  may  infer,  that  the  power 
of  Nature  to  the  composition  and  decomposition  of  bodies,  far  ex- 
ceeds that  of  chemistry. 

Straw  and  cereal  plants  contain  an  enormous  quantity  of  silex, 
even  when  the  earth  in  which  they  grow  has  been  carefully  de- 
prived of  its  siliceous  particles.  Oats,  particularly,  contain  a  con- 
siderable quantity  of  that  vitrifiable  earth  ;  the  ashes  obtained  by 
burning  its  seed,  on  being  analyzed  by  means  of  the  nitric  acid^ 
were  found  by  M.  Vanquelin,  to  contain  x-^is  °^  Pure  silex  in- 
dissoluble in  that  acid,  and  0,393  of  phosphate  of  lime  dissolved 
in  it. 

The  excrements  of  a  hen,  fed,  for  ten  days,  on  oats  only,  on 
being  calcined  and  analyzed  by  the  same  chemist,  produced  twice 
as  much  phosphate  and  carbonate  of  lime  as  was  contained  in  the 
oats,  with  a  small  dehciency  in  the  quantity  of  silex,  which  might 
have  been  employed  in  furnishing  the  excess  of  calcareous  mat- 
ter ;  a  transmutation  depending  on  the  absorption  of  an  un. 
known  principle,  to  the  amount  of  nearly  five  times  its  own 
weight*. 

CX.  A  substance  to  be  fit  for  our  nourishment,  should  be  ca- 
pable of  decomposition  and  fermentation  ;  that  is,  capable  of  under- 
going an  inward  and  spontaneous  change,  so  that  its  elements  and 
relations  maybe  altered.  This  spontaneous  susceptibility  of  de- 
composition, excludes  from  the  class  of  aliments,  whatever  is  not 
organized  and  is  not  a  part  of  a  living  body;  thus,  mineral  sub- 
stances absolutely  resist  the  action  of  our  organs  and  are  not  con- 
vertible into  their  own  substance.  The  common  principle  ex- 
tracted from  alimentary  substances,  however  varied  they  may  be, 
the  aliment,  as  Hippocrates  terms  it,  is,  most  probably,  a  compound 
highly  subject  to  decomposition  and  fermentation  ;  this  is  likewise, 
the  opinion  of  all  those  who  have  endeavoured  to  determine  its  na- 
ture. Lorry  thinks  it  is  a  mucous  substance;  Cullen  says  it  is 
sacchariue;  Professor  Halle  considers  it  as  an  hydro.carbonous 

*  See  (he  AnnaUs  de  Chimic,  and  Ibe  Systems  dct  Connaiuances  (.himiqucs 
<*e  Fourcroy,  Tome  X.  page  72. 
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oxide,  which  differs  from  the  oxalic  acid,  only  in  containing  t 
si-  .  i;  ;  .,  :.u.ti()  of  oxygen.  It  is  evident,  that  these  three  opi- 
nions we  very  much  alike,  since  oxygen,  carbon,  and  hjdrogen, 
combined  in  different  proportions,  form  the  mucous  and  saccharine 
substances  and  the  base  of  the  oxalic  acid.  On  analyzing  the  ani- 
mal substance,  by  means  of  the  nitric  acid,  it  is  reduced  to  this 
last  base,  by  depriving  it  of  a  considerable  quautity  of  azote  which 
constitutes  it*  most  remarkable  character. 

But  whence  comes  this  enormous  quautity  of  azote?  How  hap- 
pens it,  that  the  flesh  of  a  man  living  exclusively  on  vegetables, 
contains  as  much  azote  and  ammonia,  and  is  as  putrescent,  as  that 
of  a  man  living  on  animal  food?  Respiration  does  not  introduce  a 
single  particle  of  azote  in  our  fluids ;  this  gas  comes  out  of  the  lungs 
as  it  entered;  the  oxygen  alone  is  dimini3hed  in  quantity.  Might 
not  one  suspect  that  this  element  of  animal  substances  is  a  product 
of  the  vital  action,  and  that  instead  of  receiving  it  from  our 
aliments,  we  form  it  within  ourselves,  by  an  act  that  is  hgper-cLc- 
mical;  that  is,  which  chemistry  cannot  imitate*? 

CXI.    It  has  been  maintained,  that  the  hydro  carbonous  oxide, 
combines,  in  the  stomach  and  intestinal  canal  with  oxygen,  whether 
this  last  principle  has  entered,  with  the  aliments,  into  the  digestive 
tube,  or  whether  it  is  furnished  by  the  decomposition  of  the  fluid* 
within  that  cavity.    The  intestinal  fluids  extricate  azote  which 
combines  with  the  alimentary  mass,  and  occupies  the  place  of  the 
carbon  which  the  oxygen  has  taken  from  it,  to  form  carbonic  acid. 
On  reaching  the  lungs,  and  being  again  exposed  to  the  action  of 
the  oxygen  of  the  atmosphere,  this  gas  robs  it  of  a  portion  of  its 
carbon,  and  as  it  disengages  the  azote  of  the  venous  blood,  it  brings 
about  anew  combination  of  that  principle  with  the  chyle  :  Lastly, 
propelled  with  the  blood  to  the  surface  of  the  skin,  the  atmospheri- 
cal oxygen  disengages  its  carbon,  and  completes  its  uzotisution. 
The  cutaneous  organ  is  perhaps  to  the  lymphatic  system,  what  the 
pulmonary  organ  is  to  the  sanguineous  system. 

The  animalization  of  the  animal  substance  is  therefore  effected, 
principally  by  the  loss  of  its  carbon,  which  is  replaced  by  the  excess 
of  azote  in  the  animal  fluids.  These  maintain  themselves,  in  this 
mauner,  in  a  d.ie  temperament;  for,  continually  parting  with  the 

*  The  late  experiments  of  Messrs.  Alien  and  Pepys  prove  that  when  ananimal 
i9  made  to  breathe  pure  oxygen,  the  blood  disengage*  a  certain  quantity  of  azote 
«nd  absorbs  an  equal  quantity  of  oxygen.    Philosophical  Transactions,  130J. 
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carbonous  principle  in  the  intestinal,  pulmonary,  and  cutaneous 
combinations,  they  would  be  over  annualized,  if  an  additional 
quantity  of  chyle  did  not  seize  the  azote,  which  is  in  excess.  Still, 
this  theory  does  not  account  for  the  formation  of  the  phosphoric 
salts,  of  t  he  adipocere,  and  a  variety  of  other  products ;  but  without 
adopting  it,  to  the  full,  one  may  presume,  from  the  experiments 
and  facts  on  which  it  rests,  that  the  oxygen  of  the  atmospherical 
air  is  one  of  the  most  powerful  agents  employed  by  Nature,  in 
the  transformation  of  the  aliments  we  live  upon,  into  our  substance. 

How  are  those  animals  nourished  which  live  solely  on  more 
animalized  flesh,  that  is  containing  a  greater  quantity  of  azote, 
and  a  greater  proportion  of  ammonia  than  their  own  substance, 
tn  such  a  case,  the  assimilation  of  the  aliments,  consists  in  their 
desanimalizution  either,  by  the  co-operation  of  all  the  organs,  or 
by  the  sole  action  of  the  digestive  organs,  by  the  combination  of 
the  gastric  juice  with  the  other  fluids. 

The  constituent  elements  entering  into  the  composition  of  our 
organs,  whether  coming  from  the  exterior,  or  formed  by  the  vital 
power  itself,  are  thrown  out  of  our  body,  by  the  different  emunc- 
tories,  and  cease  to  form  a  part  of  it,  after  remaining  within  it,  for 
a  limited  time.  The  urine  carries  along  with  it,  an  enormous 
quantity  of  azote,  the  lungs  and  the  liver  rid  us  of  the  carbon  and 
of  the  hydrogen ;  the  oxygen  which  contains  eighty-five  parts  in 
the  hundred,  in  the  composition  of  water,  is  evacuated  by  means  of 
the  aqueous  secretions  which  carry  off,  in  a  state  of  solution,  the 
saline  and  other  soluble  principles. 

Among  those  salts  there  is  one,  but  little  soluble,  and  which, 
nevertheless,  is  of  primary  consequence  among  the  constituent 
principles  of  the  animal  economy.  Phosphate  of  lime,  in  fact, 
forms  the  base  of  several  organs,  it,  almost  entirely,  forms  the  os- 
seous system,  at  an  advanced  period  of  life ;  all  the  white  organs  ;  , 
all  our  fluids  contain  a  remarkable  quantity  of  that  substance,  of 
which  the  economy  rids  itself  by  a  kind  of  dry  secretion.  The 
outer  covering  is,  in  all  animals,  the  emunctory  destined  for  that 
purpose;  the  annual  moulting  of  birds,  the  fall  of  the  hair  of 
quadrupeds,  the  renovation  of  the  scales  of  fishes  and  reptiles, 
carry  off,  every  year,  a  considerable  quantity  of  calcareous  phos. 
phatc.  Man  is  subject  to  the  same  laws,  with  this  difference,  that 
the  annual  desquamation  of  the  epidermis,  is  not  under  the  abso- 
lute influence  of  the  seasons,  as  in  the  brute  creation.  The  human 
'•pidercii*  is  reaewed  annually,  as  well  as  the  hair  on  the  head  and 
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on  the  body  ;  but  this  change  is  brought  about  gradually,  and  if 
Hot  completed  in  a  season  ;  it  does  not  take  place  in  the  spring,  a9 
In  most  animals,  nor  in  autumn  with  the  fall  of  the  leaf,  thou»lv  at 
those  tw  o  periods,  the  hair  falls  off  in  greatest  quantity,  and  the  des- 
quamation of  the  cuticle  is  roost  active.  These  two  phenomena 
last  throughout  the  w  hole  year,  as  in  southern  climates,  the  fall  of 
the  leaves  and  the  renovation  of  vegetation  arc  continually  going 
on.  As  will  be  mentioned,  in  speaking  of  the  functions  of  genera, 
tion,  man  living,  in  a  state  of  society,  and  enjoying  all  the  advan- 
tages of  civilization,  is  not  as  much  under  the  influence  of  the  sea- 
sons as  the  inferior  animals.  One  cannot,  however,  but  observe^ 
that  the  successive  shedding  and  renewing  of  the  epidermoid  parts, 
as  the  cuticle,  the  nails,  and  the  hair,  are  among  the  most  effective 
means  which  nature  possesses  of  parting  with  the  phosphate  of 
lime,  so  abundant  in  all  animals,  and  which,  nevertheless,  is  so 
insoluble  and  consequently  so  unfit  to  be  carried  out  of  the  system, 
along  with  the  excrementitious  fluids.  This  effect  is  very  remaiki 
able,  on  the  termination  of  several  diseases,  in  the  salutary  reno- 
vation of  the  solids  and  fluids  which  takes  place  during  conva- 
lescence. The  hair  ceases  to  grow  on  the  bald  head  of  aH  old 
man;  his  perspiration  diminishes}  may  not  this  be  th«  cause 
of  the  great  quantity  of  calcareous  salts,  of  the  ossification  of  the 
vessels,  of  the  induration  of  the  membranes? 

CXI  I.  What  is  the  ultimate  result  presented  to  us,  by  this 
series  of  functions,  linked  together,growing  out  of  one  another,and 
all  acting  on  the  matter  of  nutrition,  from  the  moment  it  is  re- 
ceived within  the  body,  till  it  is  applied  to  the  growth  and  repara- 
tion of  itsorgans?  It  shows  us  man  living  within  himself,  unre- 
mittingly employed  in  converting,  into  his  own  subtance,  heteroge- 
neous substances,  and  reduced  to  an  existence  purely  vegetative, 
inferior  even  to  the  greater  part  of  organized  beings,  in  his  powers 
of  assimilation.  But  how  high  is  he  not  placed  above  them  all, 
in  the  exercise  of  those  functions  vjeare  now  about  to  contemplate, 
functions,  which  raise  him  above  his  own  nature,  which  enlarge 
the  sphere  of  his  existence,  which  serve  him  to  provide  for  all  his 
wants,  and  to  keep  up,  with  all  Nature,  those  manifold  relation* 
which  subject  her  to  his  empire  I 
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SECOJYB  ORDER. 


Functions  which  tend  to  the  preservation  of  the  Individual, 
by  establishing  his  relations  with  the  beings  that 
surround  him. 


m 

CHAPTER  VII, 


OF  SENSATIONS. 

CXIII.  We  have  already  seen,  how  the  human  body,  essen- 
tially changeable  and  perishable,  maintains  itself  in  its  natural 
economy,  carries  on  its  growth,  and  supplies  its  decay,  by  assimi- 
lating to  its  own  substance,  principles  that  are  yielded  to  it  by 
the  food  it  digests,  and  by  the  air  it  breathes.  We  shall  now  pro- 
ceed to  examine,  by  what  organs  man  is  enabled  to  keep  up,  with 
all  nature,  the  relations  on  which  his  existence  depends :  by  what 
meaus  he  is  made  aware  of  the  presence  of  objects  which  concern 
him,  what  means  he  possesses  to  fit  his  connexion  with  them  to  his 
welfare,  to  draw  them  towards  him  or  to  repel  them,  to  approach 
or  to  avoid  and  escape  them,  as  he  perceives  in  them  danger,  or 
the  promise  of  enjoyment. 

Man  possesses,  in  all  its  plenitude,  this  new  mode  of  existence, 
which  is  denied  to  vegetable  Nature.  Of  all  animals  it  is  he  that 
receives  impressions  the  most  crowded  and  various,  that  is  most 
filled  with  sensations,  and  that  employs  them,  with  the  most  power- 
ful combination,  as  the  materials  of  thought,  and  the  sources  of  in- 
telligence: he  is  the  best  organized  for  feeling  the  action  of  all 
teings  around  him,  and  re-acting  on  them  in  his  turn.  In  the 
study  which  we  are  about  to  undertake,  we  shall  see  many  instru- 
ments placed  on  the  limits  of  existence,  on  the  surface  of  the  living 
being,  ready  to  receive  every  impression;  conductors,  stretching 
from  these  instruments  to  one  common  centre,  to  which  all  his  car- 
ried :  conductors  through  which  this  central  organ  regulates  the 
actions,  which  now  transport  the  whole  body  from  one  place  to 
another  (locomotion);  now  merely  change  the  relative  situation  of 
its  parts  (partial  motion);  and,  at  other  times,  produce,  in  the 
organs, certain  dispositions,  of  which  speech  and  language,  in  their 
various  forms,  are  the  result. 

CXIV.  If  we  are  thoroughly  to  understand  the  mechanism  of 
thi3  action  of  outward  objects  on  our  body,  we  must  follow  the 
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mahiTal  site-cession  of  (he  phenomena  of  sensation ;  studying  first, 
the  bodies  which  produce  the  sensitive  impression, examining  next, 
the  orgatifvthat  receive  it,  and  next  the  conductors  which  transmit 
it  to^a  particular  centre  whose  office  is  perception.  To  take  the 
sense  of  sight,  for  instance,  we  can  never  understand  how  it  is  that 
light  procures  us  the  knowledge  of  certain  qualities  of  bodies,  if 
we  have  not  learnt  the  laws  to  which  that  fluid  is  subjected,  if  wr 
know  nothing  of  the  conformation  of  the  eyes,  of  the  nerves  by 
which  those  organs  communicate  with  the  brain,  and  of  the  brain 
itself,  whither  all  sensations,  or  rather  the  motions  in  which  they 
consist,  are  ultimately  carried. 

CXV.  Of  light,  At  this  day,  the  greater  part  of  Natural  Phi- 
losophers consider  it  as  a  fluid  impalpable  from  its  exceeding 
tenuity.  Many  believe  it  to  be  only  a  modification  of  caloric,  or 
of  the  matter  of  heat ;  and  this  last  opinion  has  received  much 
plausibility  from  the  late  observations  of  Ilerschel.?  I  shall  not 
examine  whether,  as  Descartes  and  his  followers  imagine,  light, 
consisting  of  globular  molecules,  exist  of  itself,  uniformly  diffused 
through  space,  or  as  Newton  has  taught  us  to  believe,  it  be  but  an 
emanation  of  the  sun  and  fixed  stars,  which  throw  off,  from  their 
whole  surface,  a  part  of  their  substance,  without  ever  exhausting 
themselves  by  this  continual  efflux  :  It  is  enough  for  us  to  know, 
1st,  that  the  rays  of  this  fluid  moye  w  ith  suph  velocity,  that  light 
passes,  in  a  second,  through  a  distance  of  seventy  two  thousand 
leagues,  since,  according  to  the  calculation  of  Roemer  and  the 
tables  of  Cassini,  it  traverses  in  something  less  than  eight  minutes, 
the  thirty-three  millions  of  leagues  that  separate  us  from  the  sun  ; 
2dly,  that  light  is  called  direct,  when  it  passes  from  the  luminous 
body  to  the  eye,  without  meeting  any  ohstacle  ;  reflected,  when  it 
is  thrown  back  to  that  organ  by  an  opake  body  :  refracted,  when 
its  direction  has  been  changed,  by  passing  from  one  transparent 

*  This  celebrated  Astonomer  hns  published,  in  the  Philosophical  Transac- 
tions of  the  Royal  Society  for  1S0O,  a  series  of  experiments  which  shew,  that 
the  different  coloured  rays,  heat,  in  different  degrees,  the  bodies  on  which  they 
fall,  and  that  the  red  ray,  which  is  the  least  refrangible,  gives  also  the 
greatest  heat. 

Tlie  thermometer  placed  out  of  the  spectrum  and  towards  the  red  ray,  so  that 
it  would  receive  any  rays  yet  less  refrangible,  rises  higher  than  when  it  is  placed 
in  that  colour  i  From  which  .'iersehel  concludes  that  rays  are  given  out  by  the 
sun,  too  lit.le  refrangible  to  produce  the  sensation  of  light,  and  of  colours,  but 
which  prfirJfl.ce  the  s ensation  of  heat. 
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medium  to  another  of  different  density;  3dly,  that  the  rnys  of 
li?htare  rellectcd  at  an  angle  equal  to  that  of  incidence;  that  a 
ray,  passing  through  a  transparent  body,  is  more  strongly  refracted 
as  the  bods  is  more  convex  on  the  surface,  denser,  or  of  more  com- 
bustible elements.  It  was  from  this  last  observation,  that  Newton 
conjectured  the  combustibility  of  the  diamond,  and  the  existence 
of  a  combustible  principle  in  water,  since  placed  beyond  doubt,  by 
the  beautiful  experiments  of  modern  chemistry ;  *Mhly,  that  a  ray 
of  light  refracted  by  a  glass  prism  is  decomposed  into  seven  rays, 
red,  orange,  yellow,  green,  blue,  indigo,  and  violet.  Each  of  these 
rays  is  less  refrangible,  as  it  is  nearer  to  the  red.  This  ray  is  of 
all,  that  which  strikes  the  eyes  with  the  greatest  force,  and  pro- 
duces on  the  retina  the  liveliest  impressions.  The  eagerness  of 
savages  for  stulfs  of  this  colour  is  well  known.  Among  almost  alT 
uations  it  has  dyed  the  mantle  of  Kings:  it  is  the  most  brilliant 
and  splendid  of  all:  there  are  animals  whose  eyes  seem  scarcely  to 
sustain  it:  I  have  seen  maniacs  whose  madness,  after  a  long  sus- 
pension, never  failed  to  break  out,  at  the  sight  of  a  red  cloth,  or  of 
one  cloathed  in  that  colour.  Green  is,  on  the  contrary,  the 
softest  of  colours;  the  most  permanently  grateful;  that  which 
least  fatigues  the  eyes;  "and  on  which  they  will  longest  and  most 
willingly  repose.  Accordingly,  Nature  has  been  profuse  of  green, 
in  the  colouring  of  all  plants;  she  has  dyed,  in  some  sort,  of  this 
colour,  the  greater  part  of  the  surface  of  the  globe.  When  the 
eyes  bear  uneasily  the  glare  of  too  strong  a  light,  glasses  of  this 
colour  are  used  to  soften  th^+mpression,  which  slightly  tinge,  with 
their  own  hue,  all  the  objects  seen  through  them.  Lastly,  the 
violet  ray,  last  in  the  scale,  of  which  the  middle  place  is  filled  by 
the  green,  is  of  all  the  weakest,  the  most  refrangible.  Of  all 
colours,  violet  has  the  least  lustre  ;  forms  shew  to  less  advantage- 
under  it;  their  prominences  are  lost;  painters  accordingly  make 
but  little  use  of  it.  When  an  enlightened  body  reflects  all  the 
rays,  the  sensations  they  might  separately  produce,  blend  into  the 
sensation  of  white;  if  it  reflect  a  few,  it  appears  differently  co- 
loured, according  to  the  rays  it  repels:  finally,  if  all  be  absorbed, 
the  sensation  of  black  is  produced,  which  is  merely  the  negation  pf 
of  all  colour.  A  black  body  is  wrapped  in  utter  darkness,  and  U 
visible  only  by  the  lustre  of  those  that  surround  it ;  Sthly,  that  from 
ev  f-ry  point  in  the  surface  of  a  luminous  or  enlightened  body,  ther« 
issue  a  multitude  of  rays,  diverging  according  to  their  distance, 
with  a  proportionate  diminution  of  their  effect;  so  that  the  ravs 


from  each  vuible  point  of  the  body,  form  a  cone,  of  which  the 
summit  is  at  that  point,  and  the  base,  the  surface  of  the  eye  oil 
which  they  fall. 

CXVI.  Sense  of  fight.  The  eyes,  the  seat  of  this  sense,  are 
so  placed,  as  to  command  a  great  extent  of  objects  at  once,  and 
enclosed  in  two  osseous  cavities,  known  by  the  name  of  orbits. 
The  base  of  these  cavities,  is  forwards,  and  shaped  obliquely  out- 
wards; so  that  their  outward  side  not  being  so  long  as  the  others, 
the  ball  of  the  eye  supported,  on  that  side,  only  by  soft  parts,  may 
be  directed  outwards  and  take  cognizance  of  objects  placed  to 
a  side,  without  its  being  necessary,  at  the  same  time,  to  turn  the 
head.  In  proportion  as  we  descend  from  man  in  the  scale  of  ani- 
mated beings,  the  shape  of  the  base  of  the  orbits  becomes  more 
and  more  oblique;  the  eyes  cease  to  be  directed  forward,  in  short, 
the  external  side  of  the  socket  disappears,  and  the  sight  is  entirely 
directed  outward,  and  as  the  physiognomy  derives  its  principal 
character  from  the  eyes,  its  expression  is  absolutely  changed.  In 
certain  animals  very  Beet  in  running,  such  as  the  hare,  the  lateral 
situation  of  the  organs  of  vision,  prevents  the  animals  from  seeing 
small  objects,  placed  directly  before  them,  hence  those  animals, 
when  closely  pursued^  are  so  easily  caught  in  the  snares  which  are 
laid  for  them. 

The  organ  of  sight  consists  of  three  essentially  distinct  parts. 
The  one  set  intended  to  protect  the  eye  ball,  to  screen  it,  at  times, 
from  the  influence  of  light,  and  to  maintain  it  in  the  conditions  ne- 
cessary to  the  exercise  of  its  functions;  these  parts  are  the  eye- 
brows, the  eye  lids,  and  the  Iychrymal  apparatus,  and  they  serve  as 
appendages  of  the  organ.  The  eye-ball  itself  contains  two  parts 
answering  very  different  purposes  ;  the  one,  formed  by- nearly  the 
whole  globe,  is  a  real  optical  instrument,  placed  immediately  in 
front  of  the  retina,  and  destined  to  produce  on  the  luminous  r.iys 
these  changes  which  are  indispensable,  in  the  mechanism  of  vision  ; 
the  other,  formed  by  the  medullary  expansion  of  the  optic  nerve,  is 
the  immediate  organ  of  (hat  function.  It  is  the  retina,  which 
alone  is  affected  by  the  impression  of  light,  and  set  in  motion  by 
the  contact  of  that  very  subtle  fluid.  This  impression,  this  motion, 
this  sensation,  is  transmitted  to  the  cerebral  organ,  by  the  optic 
Serve,  the  expansion  of  which  forms  the  retina. 

CXVI  I.  Of  the  eyc-Urozcs,  the  eye-lids,  and  the  lachrymal 
apparatus  (Tutamina  oculi,  Haller).  The  more  or  less  dark  co- 
lour of  the  hairs  of  the  eye-brows,  renders  that  projection  very 
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Well  adapted  to  diminish  the  effect  of  too  vivid  a  light,  by  absorb- 
ing a  part  of  its  rays.  The  eye-brows  answer  this  purpose,  the 
more  completely,  from  being  more  projecting,  and  from  the 
darker  colour  of  the  hairs  which  cover  them  ;  hence  we  depress 
the  eye-brows,  by  knitting  them  transversely,  in  passing  from  the 
dark,  into  a  place  strongly  illuminated,  which  causes  an  uneasy 
sensation  to  the  organ  of  sight.  Hence,  likewise,  the  custom  that 
prevails  with  some  southern  nations,  whose  eye-brows  are 
shaded  by  thicker  and  darker  hairs,  to  blacken  them,  that 
they  may  still  better  answer  the  purpose  for  which  they  are  in- 
tended. 

The  eye-lids  are  two  moveable  curtains,  placed  before  the  eyes 
which  they  alternately  cover  and  uncover.  It  was  requisite  that 
they  should  be  on  the  stretch  and  yet  capable  of  free  motion ;  now, 
both  these  ends  are  obtained  by  the  tarsal  cartilages,  which  are 
situated  along  the  whole  of  their  flee  edges  and  of  the  muscles 
which  enter  into  their  structure.  The  cellular  tissue,  which 
"Unites  the  thin  and  delicate  skin  of  the  eye.lids  to  the  muscular 
fibres,  contains,  instead  of  a  consistent  fat,  which  would  have  im- 
peded its  motion,  a  gelatinous  lymph  which,  when  in  excess,  con- 
stitutes oedema  of  the  eye.lids.  The  tissue  of  the  eye-lids  is  not 
absolutely  opaque,  since,  even  when  strongly  drawn  together,  and 
completely  covering  the  globe  of  the  eye,  one  may  still  discern, 
through  their  texture,  light  from  darkness.  On  that  account, 
light  may  be  considered  as  one  of  the  causes  of  awakening,  and  it 
is  of  consequence  to  keep  in  the  dark,  patients  fatigued  by  want 
of  sleep. 

The  principal  use  of  the  eye.lids  is  to  shade  the  eyes  from  the 
continual  impression  of  light.  Like  all  the  other  organs,  the 
eyes  require  to  recruit  themselves  by  repose  ;  and  they  had  not 
been  able  to  enjoy  it,  if  the  incessant  impression  of  the  luminous 
rays  had  continually  excited  their  sensibility.  The  removal  of  the 
eye.lids  is  attended  with  loss  of  sleep.  The  fluids  are  determined 
to  the  affected  organ  which  suffers  from  incessant  irritation.  The 
eyes  inflame,  the  inllaramation  spreads  towards  the  brain,  and  the 
patient  expires  in  the  most  dreadful  agony.  Thanks  to  an  advanced 
state  of  civilization,  these  barbarous  tortures  have  long  been  abo- 
lished; but  what  happens,  when  from  ectropium  of  one  or  other 
of  the  eye-lids,  a  small  portion  of  the  sclerotic  coat  or  cornea  re- 
mains uncovered,  proves  the  indispensable  necessity  of  those  parts. 
The  spot  exposed  to  the  continued  action  of  the  air  and  of  the 
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light,  becomes  irritated  and  inflamfd  and  there  comes  on  an  opt.Yil- 
mia,  which  can  be  cured  only,  by  bringing  together,  by  means  of 
a  surgical  operation,  the  divided  edges  of  the  opening  which  is  the 
cause  of  the  alfeeiion.  From  the  moveable  edges  of  both  eye-lids 
there  arise  short  curved  hairs,  of  (ho  same  colour  as  those  of  the 
eye-brows;  they  are  called  eyelashes  and  are  intended  to 
prevent  insects,  or  oilier  very  light  substances,  floating  in 
the  atmosphere,  from  getting  between  the  eye-ball  and  the 
eye-lids. 

The  anterior  part  of  the  eye,  thus  defended  against  external 
injuries,  is  continually  moistened  by  the  tears.  The  organ  which 
secretes  this  fluid,  is  a  small  gland  situated  in  a  depression  at  the 
anterior  and  external  part  of  the  arch  of  the  orbit,  imbedded  in 
fat,  and  supplied  with  pretty  considerable  vessels  and  nerves  in 
proportion  to  its  hulk,  and  pouring  the  fluid  it  secretes,  by  means 
of  seven  or  eight  ducts  which  open  on  the  internal  surface  of  the 
tipper  eye-lid,  by  capillary  orifices  directed  downward  and  in- 
ward. The  tears  are  a  muco  serous  fluid,  rather  heavier 
than  distilled  water,  saltish,  changing  to  a  green  colour,  ve- 
getable blues,  and  containing  soda,  muriate  and  carbonate  of 
soda,  and  a  very  small  quantity  of  phosphate  of  soda  and  of 
lime. 

In  opthalmia,  the  irritation  of  the  conjunctiva  ,  transmitted  by 
sympathy,  to  the  lachrymal  gland,  not  only  augments  the  quantity 
of  its  secretion,  but  appears,  likew  ise,  to  alter  the  qualities  of  the 
fluid  that  is  secreted.  The  tears  which,  in  those  cases,  flow  in 
such  profusion,  bring  on  a  sense  of  burning  heat  in  the  inflamed 
part;  do  they  uot,  perhaps,  contain  a  greater  quantity  of  the 
fixed  alkali  than  in  the  ordinary  state  of  the  parts,  and  may 
not  the  painful  sensation  depend  as  much  on  the  increased  pro- 
portion of  soda  in  tha  tears,  as  on  the  greater  sensibility  of  the 
conjunctiva? 

This  last  membrane  is  merely  a  fold  of  the  skin,  which  is  ex- 
ceedingly thin,  covers  the  posterior  surface  of  the  eye-lids,  and  is 
then  reflected  over  the  anterior  part  of  the  eye  which  it  thus 
unites  to  the  eye-lids.  From  the  whole  extent  of  its  surface,  thcte 
oozes  an  albuminous  serosity  which  mingles  with  the  tears,  and 
adds  to  their  quantity.* 


*  There  is  no  open:ng  in  the  part  which  corresponds  to  the  globe  of  the  eye ; 
it  is  exceedingly  thin  and  is  continued,  under  the  name  of  conjunctiva,  over 
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The  tears  are  equably  diffused  over  (lie  tjlohe  of  the  eye,  by  the- 
alternate  motions  of  the  palpebral;  they  prevent  the  effects  of 
friction,  and  save  tha  organ  of  sight  from  being  dried,  at  that 
part  which  is  exposed  to  the  air.  The  air  dissolves  and  carries  off, 
in  evaporation,  a  part  of  the  lachrymal  tluid.  This  evaporation  of 
the  tears  is  proved  by  the  weeping  to  which  those  in  whom  that 
secretbn  is  very  profuse,  are  subject,  whenever  the  atmospherical 
air,  from  being  damp,  does  not  carry  off  a  sulllcient  quantity  of  the 
fluid.  The  unctuous  and  oily  fluid,  secreted  by  the  meibomian 
glands,  smears  the  loose  edge  of  the  palpebrie,  prevents  the  tears 
from  falling  on  the  cheek,  and  answers  the  same  purpose  as  the 
greasy  substance  with  which  one  anoints  th<*  edges  of  a  vessel, 
filled  above  its  level,  to  prevent  the  overflowing  of  the  contained 
fluid. 

The  greatest  part  of  the  tears,  however,  flow  from  without  iu- 
ward  and  towards  the  inner  canthus  of  the  eye  ;  they  take  that 
directiou  in  consequence  of  the  natural  slope  of  the  moveable 
edge  of  the  palpebrae,  of  the  triangular  groove,  which  is  formed 
behind  the  line  of  union  of  their  edges  whose  round  and  convex 
surfaces  touch  each  other  only  in  a  point,  and  this  course  of  the 
tears  is  likewise  promoted  by  the  action  of  the  palpebral  por- 
tions of  the  orbicularis  palpebrarum,  whose  fibres,  having  their 
fixed  point  at  the  inner  angle  of  the  orbit,"where  the  te.idou  is  in- 
serted, always  draw  inward  their  external  commissure. 

On  reaching  the  internal  angle  of  the  palpebral,  the  tears  accu- 
mulate in  the  lams  lachrt/malis,  a  small  space  formed  between  the 
edges  of  the  palpebral  kept  separated  from  each  other  by  the  curun- 
cula  lacliryinulis.  This  last  substance,  long  considered  by  the 
antients  as  the  secrelory  organ  of  the  tears,  is  merely  a  collection 
of  mucous  cryptae  covered  over  by  aldose  fold  of  the  conjunctiva. 
These  follicles,  alike  in  nature  to  the  meibomian  glands,  secrete 
like  them,  an  unctuous  substance,  which  smears  the  moveable  edges 
of  the  palpebrre,  near  the  internal  commissure.    The  edges  of  the 

Ike  transparent  cornea,  to  which  It  adheres  so  firmly,  that  it  is  not  easily  sepa- 
rated from  it.  In  some  animals  that  have  no  palpebnc,  the  skin  is  continued, 
of  the  same  thickness,  over  the  fore  part  of  the  eye.  The  conjunctiva  (if,  how- 
ever, this  portion  of  skin  deserve*  that  name)  when  opaque,  renders  the  globe 
of  the  eye,  inolher  respects  Imperfect,  absolutely  useless.  This  is  observed  in 
the  kind  of  eel  railed,  in  books  of  natural  history ,  murena  qa-cilia:  the  ga*tro~ 
iranchut  arcut  h  blind  from  the  same  circumstance. 
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eyelids,  in  this  situation,  required  a  thicker  coating,  as  the  t*tM 
accumulated  in  that  spot  have  no  where  a  greater  tendency  to  flow 
on  the  cheek. 

Near  the  union  of  the  inner  sixth  of  the  free  edge  of  the  palpebraj 
■with  the  remaining  five  sixths,  at  the  outer  part,  where  their  in- 
ternal, straight,  or  horizontal  portion  unites  with  the  curved  part, 
there  are  situated  two  small  tubercles,  at  the  top  of  each  of  which 
there  is  a  minute  orifice.  These  are  the  puncta  lachry malia,  and 
they  are  called  superior  and  inferior,  according  to  the  palpebrse  to 
■which  they  belong.  In  the  dead  body,  the  puncta  do  not  appear 
tubercular,  the  small  bulgings  produced,  doubtless,  by  a  state  of 
orgasm  and  of  -vital  erection,  collapse  at  the  approach  of  death. 
These  small  apertures,  directed  inward  and  backwaid,  are  inces* 
santly  immersed  in  the  accumulated  tears,  absorb  them  and  convey 
them  into  the  lachrymal  sac,  by  means  of  the  lachrymal  ducts  of 
which  they  are  the  external  orifices.  The  absorption  of  the  tears 
and  their  flow  into  a  membranous  reservoir  lodged  in  the  groove 
formed  by  the  os  unguis,  do  not  depend  on  the  capillary  attraction 
of  the  lachrymal  ducts;  each  of  them,  endowed  with  a  peculiar 
vital  action,  takes  up,  by  a  real  process  of  suction,  the  tears  accu- 
mulated in  the  lucxis  luchrynialis,  and  determines  their  flow  into 
the  sac.  The  weight  of  the  fluid,  the  effort  of  the  columns  which 
succeed  each  other,  co-operate  with  the  action  of  the  parietes  of 
the  duct.  The  flow  of  the  tears  is  further  facilitated  by  the  com- 
pression and  slight  concussions  attending  the  contractions  of  the 
palpebral  fibres  of  the  orbicularis,  behind  which  the  lachrymal 
ducts  are  situated.  This  vitality  of  the  puncta  lachrynialia  and  of 
the  ducts  is  readily  discovered,  when  we  attempt  to  introduce 
into  them  Anel's  syringe  or  Mejean's  stylet,  to  remove  slight  ob- 
structions of  the  lachrymal  passages.  In  a  child  now  under  my 
care,  for  a  mucous  obstruction  of  the  nasal  duct,  I  can  see  the 
puncta  lachrynialia  contract,  when  the  extremity  of  the  syphon 
does  not,  at  once,  enter  the  canal.  One  is  then  obliged  to  waif, 
before  it  can  be  introduced,  for  a  cessation  of  the  spasmodic  con- 
traction, which  lasts  but  a  few  moments.  The  tears  which  flow 
into  the  lachrymal  sac,  by  the  common  orifice  of  the  united  puncta 
lachrymalia,  never  accumulate  within  it,  except  in  case  of  morbid 
obstruction;  they,  in  that  case,  at  once  enter  into  the  nasal  duct 
which  is  a  continuation  of  it,  and  fall  into  the  nasal  fossae,  below 
the  anterior  part  of  the  inferior  turbinated  bones  of  these  cavities. 
There,  they  unite  with  the  mucous  of  the  nose,  increase  its,  rniau- 
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ilt)',  render  it  more  fluid,  and  change  its  composition.  The  use 
Bf. the  tears  is  to  protect  the  eye-ball  against  the  irritating  impres- 
sion of  the  immediate  contact  of  the  atmosphere.  They,  at  the 
same  time,  favour  the  sliding  of  the  palpebral,  lessen  the  fric- 
tion in  those  parts  and  in  the  eye-ball,  and  thus  promote  their 
motion. 

CXVIII.  Of  the  globe  of  the  eye.  The  eye-ball,  as  was 
already  observed,  may  be  considered  as  a  dioptrical  instru- 
ment placed  before  the  retina  ;  whose  office  it  is  to  refract  the  lumi- 
nous rays,  and  to  collect  them  into  one  fasciculus,  that  may  strike 
a  single  point  of  the  nervous  membrane  exclusively  calculated  to 
feel  its  impression.  An  outer,  membranous,  hard,  and  consistent 
coveiiug  supports  all  its  parts.  Within  the  first  membrane  called 
the  sclerotic,  lies  the  choroid,  a  darkish  coat,  which  lines  the  inside 
of  the  sclerotic,  and  forms  the  eye  into  a  real  camera  pbscura.  At 
the  anterior  part  of  the  globe,  there  is  a  circular  opening  in  the 
s:lerotic  in  which  the  transparent  cornea  is  inserted.  At  about  the 
distance  of  the  twelfth  part  of  an  inch  from  this  convex  segment, 
received  in  the  anterior  aperture  of  the  sclerotica,  lies  the  iris,  a 
membranous  partition  placed  perpendicularly,  and  containing  a 
round  opening  (the  pupil),  which  dilates  or  contracts,  according  to 
the  state  of  dilatation  or  contraction  of  the  iris. 

At  the  distance  of  about  half  a  line  from  the  back  part  of  the 
iris,  towards  the  union  of  the  anterior  fourth  of  the  globe  of  the 
eye  with  the  posterior  three  fourths,  opposite  to  the  opening  of 
the  pupil,  there  is  situated  a  lenticular  body,  inclosed  in  a  mem- 
branous capsule,  immoveably  fixed  in  its  situation  by  adhering  to 
the  capsule  of  the  vitreous  humour. 

Behind  the  crystalline  lens,  the  posterior  three  fourths  of  the 
cavity  of  the  eye  contain  a  viscid  transparent  humour,  enclosed  in 
the  cells  of  a  remarkably  fine  capsule,  called  hyaloid.  This 
vitreous  humour  forms  about  two  thirds  of  a  sphere  from  which 
the  anterior  segment  had  been  taken  out;  the  pulpous  expan- 
sion of  the  optic  nerve,  the  retina,  is  spread  out  on  its  sur- 
face, bo  as  to  be  concentrical  to  the  choroid  and  sclerotic 
coats. 

The  eye-ball  being  nearly  spherical,  the  length  of  its  different 
diameters  differs  but  little.  The  diameter  of  the  eye,  from  the 
foie  to  the  bick  part,  is  between  ten  and  eleven  lines,  the 
transverse  and  vertical  diameters  are  somewhat  shorter.  "Within 
the  space  measured  by  the  diameter  from  the  fore  to  the  buck 
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part,  there  are  situated,  talcing  them  in  their  order  from  the  fo 
part,  the  cornea,  the  aqueous  humour  contained  in  the  ante.io. 
chamber,  the  iris  and  its  central  opening  or  pupil;  the  aqueous 
humour  of  the  posterior  chamber;  the  crytalline  lens,  surrounded 
by  the  ciliary  processes;  then,  the  vitreous  humour  in  its  capsule, 
and  behind  those  transparent  parts  of  the  eye,  through  which  the' 
luminous  rays  pass,  in  approaching  to  a  perpendicular,  are  the  re- 
tina which  receive  the  impression,  the  choroid  whose  black 
paint  absorbs  the  rays  that  pass  through  the  thin  and  trans- 
parent retina,  aud  the  sclerotic  in  which  there  is  an  opening 
for  the  passage  of  the  optic  nerve  to  the  globe  of  the  eye. 

The  cornea,  contained  in  the  anterior  aperture  of  the  sclerotica, 
like  the  glass  of  a  watch  case  within  its  frame,  is  about  the  third 
of  a  line  in  thickness;  it  forms,  at  the  fore  part  of  the  eye,  the 
segment  of  a  smaller  sphere:  behind  it  lies  the  aqueous  humour 
which  fills  what  are  called  the  chambers  of  the  eye,  these  form 
spaces  divided  into  anterior  and  posterior,  the  former,  which  is  the 
larger  of  the  two,  bounded  by  the  cornea  at  the  fore  part  and  by 
the  iris  at  the  back  part ;  the  latter,  which  is  smaller  and  separates 
the  crytalline  humour  from  the  iris,  the  posterior  part  of  which, 
covered  by  a  black  pigment,  is  called  the  uvea*  The  specillc 
gravity  of  the  aqueous  humour  does  not  much  exceed  that  of  dis- 
tilled water;  some  have  even  thought  it  less;  it  is  the  albuminous 


*  Sorac  anatomists  have  doubted  the  existence  of  (lie  posterior  chamber  oP 
•the eye;  but  to  be  convinced  of  its  existence,  one  need  but  freeze  an  eye, 
when  (here  w  ill  be  found  a  piece  of  ice,  between  the  crytalline  lens  and  the 
uvea.    The  formation  of  this  icicle  is  r.ot  owing  to  the  admission,  through  th<- 
opening  of  the  pupil,  of  the  aqueous  humour  which,  like  all  other  fluids,  ex- 
pands considerably  on  freezing,  for,  the  expansion  of  fluids  on  their  freezing 
peing  proportioned  to  their  bulk,  the  vitreous  humour  which  freezes  at  the 
flame  lime  as  the  aqueous,  must  prevent  its  retrogade  flow  through  (he  pupil. 
Lastly,  the  uvea  or  posterior  pari  of  the  iris  is  covered  with  a  black  point 
Which  is  easily  detached  from  it ;  now  ,  if  the  anterior  part  of  the  crystalline  lens 
bad  been  in  immediate  contact  with  it,  it  would  have  been  soiled  by  some  of 
this  colouring  matter  which  would  have  tarnished  its  natural  transparency,  in- 
dispensable to  perfect  vision.    It  is,  therefore,  undeniable  that  there  does 
exist  a  posterior  chamber,  which  is  to  the  anterior  in  the  proportion  of  two  to 
five,  and  containing  abont  two  fifths  of  the  aqueous  humour,  the  whole  of  which 
is  estimated  at  five  grains,  and  that  the  iris  forms  a  loose  partition  between  the 
two  portions  of  the  aqueous  humour  in  w  hich  the  dark  pigment  of  the  uvea  is 
inso  uble.    The  aqueous  humour  appears  to  be  ihe  product  of  arterial  exhala- 
tion} it  is  soon  reproduced,  as  we  see  after  the  operation  for  cataract. 
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and  holds  iu  solution  several  saline  substances.  The  crystalline, 
inclosed  in  its  membranous  and  transparent  capsule,  is  a  lenticu- 
lar body  rather  solid  than  fluid ;  its  consistence  is  particularly 
great  towards  its  centre;  it  there  forms  a  kind  of  nucleus,  on 
which  are  laid  several  concentric  layers,  whose  density  diminishes- 
as  they  approach  the  surface,  where  the  external  layers,  truly 
lluid,  form  what  Morgagni  cous'ulerod,  as  a  peculiar  liquid  on 
which  the  lens  might  be  nourished  by  a  kind  of  imbibition.  This 
body,  composed  of  two  segments  of  unequal  convexity,  about  two 
lines  in  thickness,  at  its  centre,  consists  of  an  albuminous  sub- 
stance coagulable  by  heat  and  alkohol.  Extremely  minute  arte- 
ries given  otf  by  the  central  artery  of  Zinn,  pass  through  the 
vitreous  humour,  and  bring  to  it  the  mateiials  of  its  growth  and 
reparation. 

The  vitreous  humour,  so  called  from  its  resemblance  to  melted 
glass,  is  less  dense  than  the  crystalline  and  more  so  than  the  vi- 
treous, and  is  in  considerable  quantity  in  the  human  eye;  it  ap- 
pears to  be  secreted  by  the  minute  arteries  which  are  distributed 
to  the  parietes  of  the  membrane  of  the  vitreous  humour  ;  it 
is  heavier  than  common  water,  somewhat  albuminous  and 
saltish. 

The  sclerotica  is  a  fibrous  membrane  to  which  the  tendons 
which  move  the  globe  of  the  eye  are  attached;  it  supports  all  the 
parts  of  that  organ,  and  these  collapse  and  decay,  whenever  the 
continuity  of  its  external  covering  is  destroyed.  The  use  of  the 
choroid,  is  notsomuch  to  afford  a  covering  to  the  other  parts,  as  to* 
present  a  dark  surface,  destined  to  absorb  the  luminous  rays,  when 
they  have  produced  on  the  retina  a  sufficient  impression.  If  it 
were  not  for  the  choroid,  the  light  would  be  reflected,  after  having 
impinged  on  the  nervous  membrane,  its  rays  would  cross,  and  pro- 
duce only  indistinct  sensations.  Mariolte  thought  that  the  cho- 
roid was  the  immediate  seat  of  vision,  and  that  the  retina  w  as  only 
it3  epidermis.  This  hypothesis  would  never  have  obtained  so 
much  celebrity,  if,  besides  the  objections  that  analogy  might  have- 
furnished  against  it,  there  had  been  adduced,  in  opposition  to  it, 
the  fact  observed  iu  fishes,  in  which  the  choroid  is  separated  from 
the  retina,  by  a  glandular  body,  opaque  and  incapable  of  trans- 
mitting the  luminous  rays.  The  retina  loses  its  form,  as  soon  as  it 
13  separated  from  the  vitreous  humour,  or  from  the  choroid  coat, 
between  which  it  is  spread  out  as  a  very  thin  capsule,  so  soft  as  to 
be  almost  fluid.    A  number  of  blood  vessels,  from  the  central 


280 


artery  of  Zinn,  arc  distributed  on  the  nervous  substance  of  the 
retina,  and  give  it  a  slight  pink  colour.  Ought  we,  with  Boer- 
haave,  to  attribute  to  aneurisraal  or  varicose  enlargements  of  those 
small  vessels,  the  spots  which  are  seen  in  objects,  in  the  disease  to 
which  Maitre  Jean  gave  the  name  of  imagi nations'*.  In  order  to 
form  the  retina,  the  optic  nerve  which  penetrates  into  the  globe  of 
the  eye,  by  piercing  the  sclerotica,  to  which  the  covering  given  to 
that  nerve  by  the  dura  mater  is  connected  ;  the  optic  nerve,  pene- 
trates through  a  very  thin  membrane  perforated  by  a  number  of 
small  holes  and  closing  the  opening  left  by  the  nerve,  and  which 
belongs  as  much  to  the  choroid  as  to  the  sclerotic  coats,  it  then 
spreads  out  to  furnish  the  expansion  which  lines  the  concavity  of 
the  choroid  and  covers  over  the  convex  surface  of  the  vitreou3 
humour.  The  whole  extent  of  the  retina,  which  is  equally  nervous 
and  sentient,  may  receive  the  impression  of  the  luminous  rays, 
though  this  faculty  has,  by  several  philosophers,  been  exclusively 
assigned  to  its  central  part,  called  theoptical  axis  or  porusopticus. 
This  central  partis  easily  recognized,  in  man,  by  a  yellow  spot  dis- 
covered by  Soemmering;  in  the  middle  of  this  spot,  situated  at  the 
outer  side  of  the  entrance  of  the  optic  nervn  into  the  globe  of  the 
eye,  there  is  seen  a  dark  spot  and  a  slight  depression,  the  use  of 
which  is  not  understood.  This  peculiar  structure,  recently  dis- 
covered, is  met  with  only  in  the  eye  of  man  and  of  monkeys. 

CXIX.  Mechanism  and  phenomena  of  vision.  The  rays  of 
light  passing  from  any  point  of  an  enlightened  object,  form  a  cone 
of  which  the  apex  answers  to  the  point  of  the  object,  and  of  which 
the  base  covers  the  anterior  part  of  the  cornea.  AH  the  rays,  more 
diverging,  which  fall  without  the  area  of  the  cornea  on  the  eye- 
brows, the  eye. lids,  and  the  sclerotica  are  lost  to  vision.  Those 
which  strike  the  mirrour  of  the  eye  pass  through  it,  under  a  re- 
fraction proportioned  to  the  density  of  the  cornea,  which  much  ex- 
ceeds that  of  the  atmosphere,  and  to  the  convexity  of  that  membrane: 
approaching  the  perpendicular,  they  now  pass  through  the  aqueous 
humour,  less  dense,  and  fall  upon  the  membrane  called  the  iris. 
j\ll  those  that  fall  upon  this  membrane  are  reflected,  and  shew  its 
colour,  different  in  different  persons,  and  apparently  depending 
on  the  organic  texture,  and  on  the  particular  and  very  diversified 
arrangement  of  the  nerves,  of  the  vessels,  and  cellular  tissue,  which 
enter  into  its  structure.  None  but  the  most  central  tra- 
verse the  pupil  and  serve  to  sight.  These  will  pass  that  opening, 
in  greater  or  less  number,  as  it  is  more  or  less  dilated.    Now,  the 
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pupil  is  enlarged  or  diminished,  by  the  contraction  or  expansion 
of  the  iris. 

The  motions  of  this  membrane  depend  entirely  on  the  mnnrier 
in  which  light  affects  the  retina.  The  iris  itself  is  insensible  to  the 
impression  of  the  rays  of  light,  as  Fontaria  has  proved,  who  always 
found  it  immoveable,  when  he  directed  On  it  alone  the  lumi- 
nous rays.  When  the  retina  is  disagreeably  affected,  by  the 
lustre  of  too  strong  a  light,  the  pupil  contracts,  to  give  passage 
only  to  a  smaller  number  of  rays :  it  dilates,  on  the  contrary^  in 
gloom,  to  admit  enough  to  make  the  requisite  impression  on  the 
retina. 

To  explain  the  motions  of  the  iris,  it  is  n6l  necessary  to  admit 
that  muscular  fibres  enter  into  its  structure;  it  is  enough  to  know 
i  ts  vascular,spuhgy  and  nervous  texture ;  the  irritation  of  the  ret  ina 
sympathetically  transmitted  to  the  iris,  determines  a  more  copious 
afflux  of  humours;  its  tissue  dilates  and  stretches,  the  circumfe- 
rence of  the  pupil  is  pushed  towards  the  axis  of  this  openingj 
which  becomes  Contracted  by  this  vital  expansion  of  the  membra- 
nous tissue.  When  the  irritating  cause  ceases  to  act,  by  our 
passing  from  light  into  darkness,  the  humours  flow  back  into  the 
neighbouring  vessels,  the  membrane  of  the  iris  returns  upon  itself, 
and  the  pupil  enlarges,  the  more  as  the  darkness  is  greater.* 

The  rays,  admitted  by  the  pupil,  pass  through  the  aqueous 
humour  of  the  posterior  chamber,  and  soon  meet  the  crystalline, 
which  powerfully  refracts  them,  both  from  its  density,  and  its 
lenticular  form.  Brought  towards  the  perpendicular  by  this 
body,  they  pass  on  towards  the  retina  through  the  Titreous 
humour,  less  dense,  and  which  preserves,  without  encreasing it,  the 
refraction  produced  by  the  crystalline  leas.  The  rays,  gathered 
into  one,  strike  on  a  single  point  of  the  retina,  and  produce  the 
impression  which  gives  us  the  idea  of  certain  properties  of  the  body 
which  reflects  them.  As  the  retina  embraces  the  vitreons  humour, 
it  presents  a  very  extended  surface  to  the  contact  of  the  rays, 
which  enables  us  to  behold,  at  once,  a  great  diversity  of  objects, 
variously  situated  towards  us,  even  when  we  or  these  objects 
change  our  relative  situation.  The  luminous  rays,  refracted  by 
the  transparent  parts  of  the  eye,  form  therefore,  in  the  interior  of 
the  organ,  a  cone,  of  which  the  base  covers  the  cornea,  and  applies 
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to  that  of  (lie  external  luminous  cone,  whilst  its  apex  is  on  some 
point  of  the  retina.     It  is  conceived,  generally,  that  the  luminous 
cones  issuing  from  all  points  of  (lie  object  beheld,  cross  in  their 
passage  through  the  eye,  to  that  the  object  is  imaged  on  the  retina 
reversed.    Admitting  this  opinion,  established  on  a  physical  ex- 
periment, we  have  to  enquire,  why  we  see  objects  upright,  whilst, 
their  image  is  reversed  on  the  retina.    The  best  explanation  we 
possess  of  this  phenomenon,  we  owe  to  the  philosopher  Berkeley, 
who  proposed  it  in  his  English  work,   entitled  Theory  oj  Vision^ 
&c.    In  his  opinion,  there  is  no  need  of  the  touch  to  correct  this 
error  into  which  sight  ought  to  betray  US.    As  we  refer  all  our 
sensations  to  ourselves,  the  uprightness  of  the  object  is  only 
relative,  and  its  inversion  really  exists  at  the  bottom  of  the 
,  eye. 

By  the  point  of  distinct  vision,  is  understood  the  distance  at 
which  we  can  read  a  book  of  which  the  characters  are  of  middling 
size,  or  distinguish  any  other  object  equally  small.    This  distance 
is  not  confined  within  very  narrow  limits,  since  we  can  read  the 
same  book  at  six  inches  from  the  eye,  or  at  five  or  six  times  the 
distance.    This  faculty  of  the  eyes  to  adapt  themselves  to  the 
distance  and  the  smallncss  of  objects,  cannot  depend,  as  has  been 
fondly  repeated,  on  the  lengthening  or  shortening  of  the  globe  of 
the  eye  by  the  muscles  that  move  it.    Its  four  recti  muscles  are 
not,  in  any  case,  capable  of  compressing  it  on  its  sides,  nor  of 
lengthening  it  by  altering  its  spherical  form;  their  simultaneous 
action  can  only  sink  the  ball  in  its  socket,  flatten  it  from  the  fore 
to  the  back  part,  diminish  its  depth,  and  make  the  refraction, 
consequently,  less  powerful,  when  objects  are  very  distant  or  very 
small  :  this  last  effect,  even,  might  be  disputed.    The  eye  which 
moves  and  rests  on  the  adipose  cushion  which  fills  the  bottom  of 
the  socket,  is  never  strongly  enough  pressed  to  lose  its  spherical 
figure,  which  of  all  the  forms  in  which  bodies  can  be  invested,  is 
that  which,  by  its  especial  nature,  best  resists  alteration.  The 
.  extremities  of  the  ciliary  processes,  which  surround  the  circum- 
ference of  the  crytaliine  lens,  cannot  act  on  this  transparent  lens, 
compress  nor  move  it:  for,  these  little  membranous  folds,  of  which 
the  aggregate  composes  the  irradiated  disk,  known  under  the 
name  of  corpus  ciliare,  possessing  no  sort  of  contractile  power, 
are  incapable  of  moving  the  crytaliine  lens  with  which  their  ex- 
tremities lying  in  simple  contiguity  have  no  adherence,  and  which, 
besides,  is  immoveably  fixed  in  the  depression  which  it  occupies, 
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h\  the  adhesions  of  its  capsule  with  the  membrane  of  the  vitreous 
humour.  The  various  degrees  of  contraction  or  dilatation  of  which 
the  eye-hall  is  susceptible,  afford  a  much  more  satisfactory  expla- 
nation of  this  physiological  problem. 

The  rays  of  light  which  come  from  a  very  near  object,  are  very 
Givereent;  the  eye  would  want  the  refracting  power  necessary  to 
collect  them  into  one,  if  the  pupil,  contracting  by  the  enlargement 
of  the  iris,  did  not  Uwow  off  the  the  more  divergent  rays,  or  those 
which  form  the  circumference  of  (he  luminous  cone.    Then,  those 
which  form  the  centre  of  the  cone,  and  which  need  but  a  much 
smaller  refraction  for  their  re-union  on  a  single  point  of  the  re- 
tina, are  alone  admitted  by  the  straitened  opening.    When,  on 
the  contrary,  we  look  at  a  distant  object  from  which  rays  are  given 
ont,  already  very  convergent,  and  which  need  but  a  small  refrac- 
tion to  bring  them  towards  the  perpendicular,  we  dilate  the  pupil, 
in  order  to  admit  the  more  diverging  ray's,  which,  when  collected, 
will  give  the  image  of  the  object.    In  this  respect,  very  small 
bodies  are  on  the  same  footing  as  those  at  a  great  dislance. 

Though  the  image  of  every  object  is  traced  at  the  same  time 
in  both  our  eyes,  we  have  but  one  sensation,  because  the  two  sen- 
sations are  in  harmony  and  are  blended  and  serve  only,  one  aiding 
the  other,  to  make  the  impression  stronger  and  more  durable.  It 
has  long  been  observed,  that  sight  is  more  precise  and  correct 
when  we  use  only  one  eye,  and  Jurine  thinks  that  the  power  of  the 
two  eyes  united  exceeds  oblv  by  one-thirteenth,  that  of  a  single 
eye.  The  correspondence  of  affection  requires  the  direction  of 
the  optical  axes  on  the  same  objects,  and  be  that  direction  ever 
so  little  disturbed,  we  see  really  double  which  is  what  happens 
in  squinting. 

If  the  eyes  are  too  powerfully  refractive,  either  by  the  too  great 
convexity  of  the  cornea  and  the  crystalline,  the  greater  density 
of  the  humours,  or  the  excessive  depth  of  the  ball,  the  rays  of 
light,  too  soon  reunited,  diverge  anew,  fall  scattering  on  the 
retina,  and  yield  only  a  confused  sensation.  Jn  this  defect  of 
sight,  called  myopia,  the  eye  distinguishes  only  very  near  objects, 
giving  out  rays  of  such  extreme  divergence  as  to  require  a  very 
powerful  refractor.  In  presbytia,  on  the  other  hand,  the  cornea 
too  much  flattened,  the  crytalljne  little  convex,  or  set  too  deeply, 
the  humours  too  scanty,  are  the  cause  that  the  rays  are  not 
yet-  collected  when  they  fall  upon  the  retiua,  so  that  none  but 
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very  distant  objects  are  distinctly  seen,  because  the  my*  con, 
vergent  rays  they  give  out,  have  no  need  of  much  refrac- 
tion. 

Myopia  is  sometimes  the  effect  of  the  habit  which  some  children 
get,  of  looking  very  close  at  objects  which  catch  their  attention. 
Th  e  pupil  then  becomes  accustomed  to  great  constriction,  and  di- 
lates afterwards  with  difficulty.  It  is  obvious,  that,  to  correct 
this  vicious  disposition,  you  must  shew  the  child  distant  objects 
which  will  strongly  engage  his  curiosity,  and  keep  him  at  some 
distance  from  every  thing  he  looks  at. 

The  sensibility  of  the  retina,  on  some  occasions,  rises  to  such  e  x- 
cess, that  the  eye  can  scarcely  bear  the  impression  of  the  faintest 
light.  NyctuplopeSy  such  is  the  name  given  to  those  affected  with 
this  disorder,  distinguish  objects  amidst  the  deepest  darkness; 
a  few  rays  are  sufficient  to  impress  their  organ. 

It  is  related  that  an  English  gentleman,  shut  up  in  a' dark  dun- 
geon, came  gradually  to  distinguish  all  it  contained:  when  he  re- 
turned to  the  light  of  day,  of  which  he  had  in  some  sort  lost  the 
habit,  he  could  not  endure  its  splendour,  the  edges  of  the  pupil,  be- 
fore extremely  dilated,  became  contracted  to  such  a  degree  as  en- 
tirely to  efface  the  opening. 

When,  on  the  other  hand,  the  retina  has  little  sensibility,  strong 
daylight  is  requiste  to  sight.  This  injury  of  vision,  known  by  the 
name  of  heineralopiu\^  may  be  considered  as  the  first  step  of  total 
paralysis  of  the  optic  nerve,  or  gulta  serena.  It  may  arise  from 
any  thing  that  can  impair  the  sensibility  of  the  retina.  Saint;- 
Yves  relates,  in  his  work  on  diseases  of  the  eyes,  many  cases  of 
hemeralopia.  The  subjects  were  chiefly  workmen  employed,  at 
the  Hotel  des  Monnoies,  in  melting  the  metals.  The  inhabitants 
of  the  Northern  regions,  where  the  earth  is  covered  with  snow, 
great  part  of  the  year,  become  at  an  early  age  hemeralopes. 

*  The  Author  means    scarcely  divergent."  T. 

(  +1  give,  to  the  words  nyctalopia  and  hemeralopia  the  same  weaning  as  all  other 
writers  down  to  Scarpa,  who  has  pnblished  the  latest  Treatise  on  diseases  of 
the  eyes.  Thisacceptation  is,  however,  a  grammatical  error,  since  of  the  two 
terms,  nyctalopia,  in  its  Greek  roots,  signifies  an  affection  w  hich  takes  away 
I'arM  during  the  night,  and  hemeralopia,  one  in  which  it  is  lost  dining  the  day. 
It  is  accordingly  in  this  sense  (hat  they  are  used  by  the  father  of  Physic.  I 
owe  this  remark,  to  Dr.  Roussille  Chainseru,  who  has  carefully  verified  the  text 
of  Hippocrates  in  the  MSS.of  the  Imperial  library. 
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Both  contract  this  weakness,  from  their  eyes  being  habitually  fa, 
figued  by  the  splendour  of  too  strong  a  light. 

Fiually,  in  order  to  the  completion  of  the  mechanism  of  vision, 
it  is  requisite  that  all  parts  of  the  eye  be  under  certain  conditions 
the  waut  of  which  is  more  or  less  troublesome,  It  is  especially 
necessary,  that  the  membranes  and  the  humours  which  the  rays  of 
light  are  to  pass  through,  should  be  perfectly  transparent.  Thus, 
specks  of  the  cornea,  the  closing  of  the  pupil  by  the  preservation 
of  the  membrane  which  stops  that  opening  during  the  first  months 
of  the  life  of  the  foetus ;  cataract,  an  affection  which  consists  in 
the  opacity  of  the  crystalline  lens  or  its  capsule;  the  glaucoma, 
or  defect  of  transparency  in  the  vitreous  humour,  weaken  or 
altogether  destroy  sight,  by  impeding  the  passage  of  the  rays  to 
the  retina.  This  membrane  itself  must  be  of  tempered  sensibility 
to  be  suitably  affected  by  their  contact.  The  choroid,  the  conca- 
vity of  which  it  fills,  must  present  a  coating  black  enough  to  absorb 
the  rays  that  pass  through  it.  It  is  to  the  sensible  decay  of  the 
dye  of  the  choroid  in  advancing  years,  as  much  as  to  the  collapsing, 
induration,  and  discolouring  of  different  parts  of  the  eye,  and  tho 
impaired  sensibility  of  the  retina  from  long  use,  that  we  ascribe 
the  confusion  and  weakness  of  sight  in  old  people.  The  extreme 
delicacy  of  the  eyes  of  Albinos  proves  equally  the  necessity  of  the 
absorption  of  light,  by  the  black  coating  which  covers  the 
choroid. 

The  eyes  are,  of  all  the  organs  of  sense,  those  which  are  the  most 
developed  in  a  new-born  child.— They  have  then  nearly  the  bulk 
which  they  are  to  retain  during  life.  Hence  it  happens,  that  the 
countenance  of  children,  whose  eyes  are  proportionally  larger, 
is  seldom  disagreeable,  because  it  is  chiefly  in  these  organs,  that 
physiognomy  seeks  expression.  Might  we  not  say,  that  if  Nature 
sooner  completes  the  organ  of  sight,  it  is  because  the  changes 
■vshich  it  produces  on  the  rays  of  light,  arising  purely  from  a  phy. 
sical  necessity,  the  perfection  of  the  instrument  was  required  for 
the  exercise  of  the  sense  ? 

The  eyes  are  not  immoveable  in  the  place  they  occupy.  Drawn 
into  very  various  motions,  by  four  reciJt ih Uscles,  and  two  oblique, 
they  direct  themselves  towards  all  objects  of  which  we  wish  to  take 
cognizance,  and  it  is  observed,  that  there  is,  between  the  muscles 
•which  move  the  two  eyes,  such  a  correspondence  of  action,  that  these 
organs  turn  at  once  the  same  way,  and  are  directed,  at  once,  to- 
wards the  same  object,  in  such  a  manner,  that  the  visual  axes  are 
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exactly  parallel.    It  some  times  happens,  that  this  harmony  0/ 
motion  is  disturbed;  and  thence  squinting  ■  an  affection,  which 
depending,  almost  always,  011  the  unequal  force  of  the  muscles  of 
theeye,  may  be  distinguished  intoas  many  species  as  there  are  mus- 
cles which  can  draw  the  globe  of  the  eye  into  their  direction,  wheii 
from  any  cause,  they  become  possessed  of  a  predominating  power. 
Bullon  has  further  assigned,  as  a  cause  cf  squint ing,  the  different 
aptitude  of  the  eyes  to  be  affected  by  light.    According  to  this 
celebrated  Naturalist,  it  may  happen,  that  one  of  the  eyes  bjeijJg 
originally  of  greater  sensibility,  the  child  will  close  the  weaker  lo 
use  the  stronger,  which  is  yet  strengthened  by  exercise,  whilst  re- 
pose still  weakens  the  one  w  hich  remains  in  inaction.   The  exami- 
nation of  a  great  many  young  people,  who  had  faJlen  uader  military 
conscription,  and  claimed  exemption,  011  the  score  of  infirmities, 
has  shewn  me  that  squinting  is  constantly  connected  with  the 
unequal  power  of  the  eyes.    Constantly,  the  inactive  eye  is  the 
weakest,  almost  useless,  and  it  was  quite  a  matter  of  necessity  that 
the  diverging  globe  should  be  thus  neitirfilized,  else  the  image  it 
would  have  sent  to  the  brain,  different  from  that  which  the  sound 
eye  gives,  would  have  introduced  confusion  into  the  visual  func- 
tions.   The  squinting  eye,  being  inactive,  falls  by  degrees  into 
that  state  of  debility,  from  default  of  exercise, w  hich  Brownhas  so 
well  called  indirect  debility. 

The  sense  of  sight  appears  to  me,  much  rather  to  deserve  the 
name  which  J.  J.  Rousseau  has  given  to  that  of  smell,  of  sense 
of  the  imagination.  Like  that  brilliant  faculty  of  the  soul,  the 
sight,  which  furnishes  us  with  ideas  so  rich  and  varied,  is  liable  to 
betray  us  into  many  errors.  It  may  be  doubted,  whether  it  gives 
the  notion  of  distance,  since  the  boy  couched  by  Cheselden,  conT 
ceived  every  thing  he  saw  to  touch  his  eye.  It  exposes  us  to  false 
judgments  on  the  form  and  size  of  objects;  since,  agreeably  to 
the  laws  of  optics,  a  square  tower  seen  at  a  distance,  appears  to  us 
round;  and  very  lofty  trees  seen  also  very  far  off,  seem  no 
taller  than  the  shrubs  near  us.  A  body,  moving  with  great  rapi- 
dity, appears  to  us  motionless,  &c.  It  is  from  the  touch,  that  ug 
gain  the  correction  of  these  errors,  which  Condillac,  in  his  Treatise 
on  Sensation,  has  perhaps  exaggerated. 

.  CXX.  The  organ  of  sight,  in  different  animals,  varies  accorr 
ding  to  the  medium  in  which  they  live  ;  thus,  in  birds  which  fly  in 
the  higher  regions  of  the  air,  there  is  an  additional  and  very  re- 
markable eyelid,  this  is  particularly  the  case  with  the  eagle,  which 
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is  thus  enabled  to  look  at  the  sun,  and  with  night  birds,  whose  very 
delicate  eye  it  seems  to  protect  from  the  effects  of  too  strong  a 
li^ht.  In  birds,  likewise,  there  is  a  copious  secretion  of  tears, 
the  medium  in  which  they  live  causing  a  considerable  evapora- 
tion. The  greater  part  of  fishes,  on  the  contrary,  have  no  move- 
able eyelid,  and  their  eyes  are  not  moistened  by  tears,  as  the 
water  ia  which  they  are  immersed,  answers  the  same  purpose. 
In  some  fishes,  however,  the  eyes  are  smeared  with  an  unctuous 
substance  calculated  to  prevent  the  action  of  the  water  on  the 
organ. 

Theglobe  of  the  eye  in  birds,  is  remarkable  by  the  convexity  of  the 
cornea  which  is,  sometimes,  a  complete  hemisphere,  hence  it  pos- 
sesses a  con-iderable  power  of  refraction.  This  power  of  refrac- 
tion, appears  to  be  very  weak  in  fishes,  the  fore  part  of  their  eyes 
being  very  much  flattened;  but  the  water  in  which  they  live  made 
it  unnecessary,  that  they  should  have  an  aqueous  humour,  for, 
the  density  of  this  fluid  being  nearly  the  same  as  that  of  water,  it 
would  not  have  produced  auyr  refraction :  besides,  being,  in  sea 
fish,  of  inferior  density  to  that  of  salt  w  ater,  it  would  have  broken 
the  rays  of  light,  by  making  them  diverge  from  the  perpendicular. 
In  fact,  the  refractive  power  of  a  medium  is  never  but  a  relative 
quantity  ;  the  degree  of  refraction  is  not  determined  by  the  den- 
sity of  the  medium,  but  by  the  difference  of  density  between  it  and 
the  medium  that  is  next  to  it.  To  make  up  for  the  flatness  of  the 
cornea  occasioned  by  the  small  quantity,  or  even  by  the  absence, 
of  aqueous  humour,  fishes  have  'a.  very  dense  and  spherical  crys 
talliue  humour,  the  spherical  part  of  which  forms  a  part  of  a  small 
sphere. 

The  eyes  of  birds,  whose  cornea  is  thrust  out  by  a  very  copious 
aqueous  humour,  possess,  in  consequence  of  the  presence  of  this 
fluid,  a  very  considerable  power  of  refraction;  the  air,  in  the 
higher  regions  of  the  air,  owing^its  extreme  rarefaction,  being 
but  little  calculated  to  approximate  the  rays  of  light. 

The  pupil  admits  of  greater  dilatation  in  the  cat,  in  the  owl,  in 
night  birds,  and  in  general  in  all  animals  that  see  in  the  dark. 
The  sensibility  of  the  retina  appeais,  likewise,  greater  in  those 
animals;  seteral  of  them  appear  incommoded  by  the  light  of 
day,  and  never  pursue  their  prey,  but  in  the  most  obscure  dark- 

U'-SS. 

The  crystalline  humour  of  several  aquatic  fowls,  as  the  cormo- 
rants, is  <pliertcal  like  that  of  fishes,  aud  this  isnot.  as  will  be  men- 
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tioned  hereafter,  the  only  peculiaiily  of  slructure  in  these  kind  of 
amphibious  animals.  Lastly,  the  choroid  of  some  animals,  more 
easily  separated  into  two  distint  lamina;,  than  that  of  man,  pre- 
sents, at  the  bottom  of  the  eye,  instead  of  a  darkish,  uniformly 
diffused  coating,  a  pretty  extensive  spot  of  various  colours,  and 
in  some,  most  beautiful  and  brilliant.  It  is  not  easy  to  say 
■what  is  the  use  of  this  coloured  spot,  known  by  the  name  of 
tapetutn. 

The  rays  of  light)  reflected  by  this  opaque  substance,  must,  in 
passing  through  the  eye,  cross  those  which  are  entering  at  the 
same  time;  '.hey  must,  consequently,  prevent  distinct  vision,  or 
at  least  impair  the  impression,  in  a  manner  which  it  is  impossible 
to  determine.  It  has  been  said,  that  the  lower  animals,  provided 
^vith  less  perfect  and  often  less  numerous  senses  than  those  of  man^ 
must  have  different  ideas  of  the  universe;  is  it  not,  likewise,  proi 
bable,  that  in  consequence  of  the  indistinct  vision  occasioned  by 
the  reflection  from  the  tapetum,  they  may  entertain  erroneous  and 
exaggerated  notions  of  the  power  of  man?  And  notwithstanding 
the  power  granted  to  man  by  the  Creator  over  the  lower  ani- 
mals, as  we  are  told  in  the  book  of  Genesis,  Is  it  probable  that 
those  which  Nature  has  gifted  with  prodigious  strength  or  with 
offensive  weapons,  would  obey  the  Lord  of  the  creation,  if  they 
saw  him  in  his  feeble  and  destitute  condition,  in  a  word,  such 
as  he  is  ? 

The  head  of  insects  with  numerous  eyes,  isjoined'to  their  body, 
and  moves  along  with  it;  their  existence  is,  besides,  so  frail,  that 
it  was  requisite  that  nature  should  furnish  them  abundantly  with 
the  means  of  seeing  those  objects  which  may  be  injurious  to  (hem. 
We  shall  not  enter,  any  farther,  into  these  remarks  relative  to  the 
differences  in  the  organ  of  sight,  in  the  vaiious  kinds  of  animals. 
More  ample  details  on  this  subject  belong,  in  an  especial  manner, 
to  comparative  anatomy. 

CXXI.  Of /he  organ  of  hearing.  Of  sound.  Sound  is  not, 
like  light,  a  body  having  a  distinct  existence ;  we  give  the  name  of 
sound  to  a  sensation  which  we  experience,  whenever  the  vibrations 
of  an  elastic  body  strike  our  ears.  All  bodies  are  capable  of  pro- 
ducing it,  provided  their  molecules  are  susceptible  of  a  certain  de- 
gree of  reaction  and  resistance.  When  a  sonorous  body  is  struck, 
its  integrant  particles  experience  a  sudden  concussion,  are  dis- 
placed and  oscillate  with  more  or  less  rapidity,  This  tremulous 
motion  is  communicated  to  the  bodies  applied  to  its  surface ;  if  we 
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Jay  our  hand  on  a  bell  that  has  boon  struck  by  its  clapper,  we  feel 
a  certain  degree  of  this  trembling.  The  air,  which  envelops  the 
sonorous  body,  receives  and  transmits  its  vibrations  with  the  more 
effect  from  being  more  elastic.  Hence,  it  is  observed  that,  caiteris 
paribus,  the  voice  is  heard,  at  a  greater  distance  in  winter,  when 
the  air  is  dry  and  condensed  by  the  cold. 

The  sonorous  rays  are  merely  series  of  particles  of  air  along 
which  the  vibration  is  transmitted,  from  the  sonorous  body,  to  the 
ear  vn  hich  perceives  the  noise  occasioned  by  its  percussion.  These 
molecules  participate  in  the  vibrations  which  are  communicated  to 
them;  they  change  their  form  and  situation,  in  proportion  as  they 
are  nearer  to  the  body  that  is  struck,  and  vice  versa;  for,  sound 
becomes  weaker,  in  proportion  to  the  increase  of  distance.  B(lt 
this  oscillatory  motion  of  the  aerial  molecules,  should  be  well  dis- 
tinguished from  that  by  which  the  atmosphere,  agitated  by  the 
winds,  is  transported  and  changes  its  situation.  '  And  in  the  same 
manner  as  the  balance  of  a  pendulum  moves  incessantly  within  the 
same  limits,  so,  this  oscillatory  motion  affects  the  molecules  of  the 
air  within  the  space  which  they  occupy,  so  that  they  move  to  and 
fro  during  the  presence  or  the  absence  of  the  vibration.  The 
atmospherical  air,  when  set  in  mention,  in  a  considerable  mass  at 
a  time,  produces  no  sound,  unless,  in  its  course,  it  meets  with 
a  body  which  vibrates  from  the  percussion  which  it  expe- 
riences. 

The  force  of  sound  depends,  entirely,  on  the  extent  of  the  vibra- 
tions experienced  by  the  molecules  of  the  sonorous  body.  In  a 
large  bell  struck  violently,  the  agitation  of  the  molecules  is  such, 
that  they  are  transmitted  to  considerable  distances,  and  that  the 
form  of  the  body  is  evidently  changed  by  it.  Acute  or  grave 
sounds  are  produced  by  the  greater  or  smaller  number  of  vibra* 
tions,  in  a  given  time,  and  the  vibrations  will  be  more  numerous, 
the  smaller  the  length  and  diameter  of  the  body.  Twocargutstrings, 
of  thesame  length  and  thickness,  and  with  an  equal  degree  of  tension, 
■will  vibrate,  an  equal  number  of  times,  in  a  given  time,  and  produce 
the  same  sound.  This,  in  music,  is  called  unison.  If  one  of  the 
strings  is  shortened  by  one  half,  it  vibrates  as  often  again  as  the 
other,  and  gives  out  a  sound  more  acute,  or  higher  by  one  octave. 
Thesame  result  may  be  obtained  by  reducing  the  string  one  half 
of  its  original  thickness,  without  taking  from  its  length.  The  vibra- 
tions will,  in  the  same  manner,  be  accelerated,  by  giving  a  greater 
•degree  of  tension  to  the  sonorous  cord.    The  difference  of  the 
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sounds  produced  by  fx  buss,  a  liurp,  or  any  other  stringrd 
instrument,  depends  on  the  unequal  tension,  length,  and  size  of  the 
strings. 

This  division  of  the  elementary  souud  is  an  act  of  the  under- 
Standing  which  distinguishes,  in  a  noise  apparently  monotonous, 
innumerable  varieties,  and  shades  exprc-sed  by  signs  of  convention. 
But  in  the  same  manner  as  light,  refracted  by  a  prism,  presents 
innumerable  intermediate  shades,  between  the  seven  primitive  co- 
lours, and  as  the  transition  is  gradual,  from  the  one  to  the  other 
of  these  colours:  so,  the  division  of  the  primitive  sound  into  seven 
tones  expressed  by  notes,  is  not  absolute,  and  there  are  a  num- 
ber of  intermediate  sounds  which  augment  or  diminish  their 
Value,  &c. 

Sound  has,  therefore,  been  analysed  as  well  as  light;  the  use  of 
the  ear,  with  regard  to  sound,  corresponds  to  that  of  the  prism 
with  regard  to  light,  and  the  modifications  of  which  sound  is  capa- 
ble, are  as  numerous  and  as  various,  as  the  shades  between  the  pri- 
mitive colours. 

Sound  is  propogaled  with  less  velocity  than  light.  The  report 
of  a  cannon  fired  at  a  distance,  is  heard  only  a  moment  after  the 
eye  has  perceived  the  flash  of  the  explosion.  Its  rays  diverge  and. 
are  reflected,  like  those  of  light,  when  they  meet  with  an  obstacle 
at  an  angle  equal  to  that  of  incidence.  The  force  of  sound,  like 
that  of  light,  may  be  increased  by  collecting  and  concentrating 
its  rays.  The  sonorous  rays  which  strike  a  hard  and  elastic 
body,  when  reflected  by  it,  impart  to  it  a  vibratory  motion,  giving 
rise  to  a  secondary  sound  which  increases  the  force  of  the  primitive 
sound. 

When  these  secondary  sounds,  produced  by  the  percussion  of  a 
body  at  a  certain  distance,  reach  the  ear,  they  give  rise  to  what 
is  called  an  echo.  Who  is  unacquainted  with  the  ingenious 
allegory,  by  which  its  nature  is  expressed  in  ancient  mytho- 
logy, in  which  echo  was  called,  daughter  of  the  air  and  of  the 
earth  ? 

CXXII.  Of  the  organ  and  mechanism  of  hearing.  The 
organ  of  hearing,  in  man,  consists  of  three  very  distinct  parts ; 
the  one,  placed  externally,  is  intended  to  collect  and  to  transmit 
the  sonorous  rays  which  are  modified  in  passing  along  an  interme- 
diate cavity,  between  the  external  and  internal  ear.  It  is  within 
the  cavities  of  this  third  part  of  the  organ,  excavated  in  the  sub- 
tance  of  the  petrous  portion  of  the  bone,  that  the  nerve  destined 
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to  the  perception  of  sound,  exclusively  resides.  The  external  oar 
and  the  meat  us  auditorius  externus  may  be  compared  to  an  aeons- 
fic  trumpet,  the  broad  part  of  which,  represented  by  the  concha, 
collects  the  sonorous  rays  which  are  afterwards  transmitted  along 
the  contracted  part,  represented  by  the  meatus  externus.  The 
concha  contains  several  prominences  separated  by  corresponding 
depressions;  its  concave  part  is  not  wholly  turned  outward,  in 
those  who  have  not  laid  their  ears  Hat  against  the  side  of  the  head, 
by  tight  bandages,  it  is  turned  slightly  forward,  and  this  arrange*- 
ment,  favourable  to  the  collecting  of  sound,  is  particularly  remark- 
able in  savages,  whose  hearing,  it  is  well  known,is  remarkably  de- 
licate. The  base  of  the  concha  consists  of  a  fibro  cartilaginous' 
substance,  thin,  elastic,  calculated  to  reflect  sounds  and  to  increase 
their  strength  and  intensity,  by  the  vibrations  to  which  it  is  liable. 
This -cartilage  is  covered  by  a  very  thin  skin,  under  which  no  fat 
is  collected  that  could  impair  its  elasticity  ;  these  prominences  are 
connected  together  by  small  muscles;  these  may  relax  it,  by  draw- 
ing the  projections  together,  and  thus  place  it  in  unison  with  the 
acute  or  grave  sounds.  These  small  muscles  within  the  external 
ear,  as  the  musculi  helicis  major  and  miner;  the  tragicus  andanti- 
tragicus  and  the  transversus  auris,  are  like  the  muscles  on  the 
outer  part  of  the  ear,  stronger  and  more  marked  in  timid  animals 
with  long  ears.  In  the  hare,  the  fibres  of  these  muscles  are  most 
distinctly  marked,  their  action  is  most  apparent  in  this  feeble  and 
fearful  animal  which  has  no  resource  but  in  flight,  against  the 

'  dangers  which  incessantly  threaten  his  existence,  and  which  re- 
quired that  he  should  receive  early  intimation  of  the  approach  of 
danger;  hence  hares  have  the  power  of  making  their, ears  assume 
various  forms,  of  shaping  them  into  more  advantageous  trumpets, 
of  moving  them,  in  every  direction,  of  directing  them  towards 
the  quarter  from  which  the  noise  proceeds,  so  as  to  meet  the 

:  sounds  and  collect  the  slightest. 

The  form  of  the  external  ear,  is  not  sufficiently  advantageoug 
in  man,  whatever  Boerhaave  may  have  said  to  the  contrary,  to 
enable  all  the  sonorous  rays,  which  in  striking  against  it,  are  re- 
flected at  an  angle  equal  to  that  of  their  incidence,  to  be  directed 

•towards  the  meatus  auditorius  externus.  United,  for  the  most 
part,  into  a  single  fasciculus  and  directed  towards  the  concha, 

i  they  penetrate  into  the  meatus  auditorius  externus,  and  the  tre- 
mulous motions  which  they  excite  in  its  osso  cartilaginous  parietes 

■  contribute  to  increase  their  force.    On  reaching  the  bottom  of  the 
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meatus,  they  strike  against  the  membrana  tympani,  a  thin  and 
transparent  septum  stretched  between  the  bottom  of  the  meatus 
aud  the  cavity  in  which  the  small  bones  of  the  ear  are  lodged- 
These  small  bones  form  a  chain  of  bone  which  crosses  the  tympa-> 
num  from  without  inward,  and  which  extends  from  the  membrana 
tympani  to  that  which  counects  the  base  of  the  stapes  to  the  edge- 
of  the  fenestra  ovalis. 

An  (dastic  air,  continually  renewed  by  the  Eustachian  tube,  fills 
the  cavity  of  the  tympanum;  small  muscles  attached  to  the  mal- 
leus and  stapes  move  these  bones  or  relax  the  membranes  to  which 
they  are  attached,  and  thus  institute  a  due  relation  between  the. 
organ  of  hearing  and  the  sounds  which  strike  it.    It  will  be  easily 
conceived,  that  the  relaxation  of  the  membrana  tympani,  effected 
by  the  action  of  the  anterior  muscle  of  the  malleus,  must  weaken 
acute  sounds,  while  the  tension  of  the  same  membrane,  by  the  in- 
ternal muscles  of  the  same  bone,  must  increase  the  force  of  the 
grave  sounds.    In  the  same  manner,  as  the  eye  by  the  contraction 
or  dilatation  of  the  pupil,  accommodates  itself  to  the  light,  so  as 
to  admit  a  greater  or  smaller  number  of  its  rays,  according  to  the 
impression  which  they  produce,  so  by  the  relaxation  or  tension  of 
the  membrane  of  the  tympanum,  or  of  the  fenestra  ovalis,  the  ear 
reduces  or  increases  the  strength  of  sounds  whose  violence  would 
affect  its  sensibility,  in  a  painful  manner,  or  whose  impression 
would  be  insufficient.    The  iris  and  the  muscles  of  the  stapes  and 
of  the  malleus  are,  therefore,  the  regulators  of  the  auditory  and 
visual  impression ;  there  is  as  close  a  sympathetic  connexion  be- 
tween these  muscles  and  the  auditory  nerve,  as  between  the  iiis 
and  the  retina.    The  air  which  fills  the  tympanum  is  the  true  ve- 
hicle of  sound;  this  air  diffuses  itself  over  the  mastoid  cells,  the  use 
of  which  is  to  augment  the  dimensions  of  the  tympanum,  and  the 
force  and  extent  of  the  vibrations  which  the  air  experiences 
•within  it. 

These  vibrations,  transmitted  by  the  membrana  tympani,  are 
communicated  to  those  membranes  which  cover  the  fenestra  ovahs 
and  the  fenestra  rotunda,  then,  by  means  of  these,  to  the  fluid 
which  fills  the  different  cavities  of  the  internal  ear,  and  in  which  lie 
the  soft  and  delicate  filaments  of  the  auditory  nerve  or  of  the  portio 
mollis  of  the  seventh  pair. 
♦The  agitation  of  the  fluid  affects  these  nerves  and  determines  the 
sensation  of  grave  or  acute  sounds,  according  as  they  are  slower 
or  more  rapid.    It  appears,  that  the  diversity  of  sounds  should 
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ratht-r  be  attributed  to  the  more  or  loss  rapid  oscillations,  and  ta 
the  undulations  of  the  lymph  of  Cotunni,  than  to  the  impressions 
on  filaments,  of  different  lengths,  of  the  auditory  nerve.  These 
nervous  filaments  are  too  soft  and  too  slender  to  be  traced  to  theif 
extreme  terminations.  It  is,  however,  probable,  that  the  various 
forms  of  the  internal  ear  (the  semi-circular  canals,  the  vestibule, 
and  the  cochlea^  have  something  to  do  with  the  diversity  of 
sounds.  It  must  also  be  observed,  that  the  cavities  of  the  ear  are 
contained  iu  a  bony  part,  harder  than,  any  other  substance  of  the 
»aine  kind,  and  well  fitted  to  maintain,  or  even  to  augment  by 
the  re-action  of  which  it  is  capable,  the  force  of  the  sonorous 
rays. 

The  essential  part  of  the  organ  of  hearing,  that  which  appears 
exclusively  employed  in  receiving  the  sensation  of  sounds  is, 
doubtless,  that  which  exists  in  all  animals  endowed  with  the  fa- 
culty of  hearing.  This  part  is  the  soft  pulp  of  the  auditory  nerve, 
floating  iu  the  midst  of  a  gelatinous  fluid,  contained  in  a  thin  and 
elastic  membranous  cavity.  It  is  found  in  all  animals,  from  man 
to  the  sepiae.  In  no  animal  lower  in  the  scale  of  animation,  has  an 
organ  of  hearing  been  met  with,  although  some  of  these  inferior 
animals  do  not  seem  to  be  absolutely  destitute  of  that  organ. 
This  gelatinous  pulp  is,  in  the  lobster,  contained  in  a  hard  and 
horny  covering.  In  animals  of  a  higher  ord«r,  its  internal  part  is 
divided  into  various  bony  cavities,  In  birds,  there  is  interposed 
a  cavity,  between  that  which  contains  the  nerve  of  hearing  and 
the  outer  part  of  the  head;  in  man  and  in  quadrupeds,  the  organ 
of  hearing  is  very  complicated  ;  it  is  enclosed  in  an  osseous  cavity, 
extremely  hard,  situated  at  a  considerable  depth,  and  separated 
from  the  outer  part  of  the  head,  by  a  cavity  and  a  canal  along  which 
the  sonorous  rays  are  transmitted,  after  having  been  collected  into 
fasciculi  by  trumpets  situated  on  the  outside. 

This  kind  of  natural  analysis  of  the  organ  of  hearing,  is  well  cal- 
culated to  give  accurate  notions  on  the  nature  and  importance  06 
{he  functions  fulfilled  by  each  of  its  parts.  But  in  the  investigation 
of  the  uses  and  of  the  relative  importance  of  the  auditory  appara- 
tus, morbid  anatomy  furnishes  data  of  an  equal  value  with  those 
obtained  from  comparative  anatomy. 

CXX1II.  The  external  ear  may  be  removed,  with  impunity,  in 
man,  and  even  in  animals  in  which  its  form  is  more  advantageous  ; 
the  hearing  is,  at  first  impaired,  but  at  the  end  of  a  few  days,  re- 
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Covers  its  wonted  delicacy.    The  complete  obliteration  of  thc- 
meatus  auditorious  cxtenius,  is  attended  with  .complete  deafness. 
It  is  not  essentially  necessary  for  the  mechanism  of  hearing,  that 
the  membrana  tympani  should  be  whole;  persons  in  whom  it  has 
been  accidentally  ruptured,  can  force  out  smote  at  their  ears, 
>vithout  losing  the  power  of  hearing;  It  may  be  conceived,however, 
that  if  instead  of  having  merely  a  small  opening  that  would  not 
prevent  its  receding  the  impression  of  the  sonorous  rays,  nor  its 
being  acted  upon  by  the  handle  of  the  malleus,  the  membrana  tym» 
pani  were  almost  entirely  destroyed,  deafness  would  be  the  almost 
unavoidable  consequence.    If,  in  consequencce  of  the  obstruction 
of  the  Eustachian  tube,  the  air  in  the  tympanum  is  not  renewed, 
it  loses  its  plasticity  and  combines  with  the  mucus  within  the 
tympanum,    The  cavity  of  the  tympanum  is  then,  in  the  same 
condition  as  an  exhausted  receiver,  in  which  the  sonorous  rays 
are  transmitted  with  difficulty.    It  has  been  thought,  that  the  use 
of  the  Eustachian  tube  was,  not  only  to  renew  the  air  contained 
in  the  tympanum,  but  also  to  transmit  the  sonorous  rays  into  that 
cavity.    In  listening  attentively,  we  slightly  open  our  mouth: 
in  order3  it  is  said,  that  the  sound  may  pass  from  this  cavity  into 
the  pharynx  and  thence  reach  the  organ  of  hearing.    This  expla- 
nation is  far  from  satisfactory,  for,  the  obliteration  of  the  meatus 
auditorius  externus  is  attended  with  complete  deafness,  which 
would  not  happen,  if  the  Eustachian  tubes  t  ransmitted  the  sono- 
rous rays.    When  a  man  listens  attentively,  and  with  his  mouth 
open,  the  condyles  of  the  lower  jaw,  situated  in  front  of  the  exter- 
nal auditory  meatus,  being  depressed  and  brought  forward,  the 
openings  are  evidently  enlarged,  as  may  be  ascertained  by  putting 
the  little  finger  into  one's  ear,  at  the  moment  of  depressing  the 
lower  jaw.    The  luxation  of  the  small  bones  of  the  ear,  or  even 
their  complete  destruction  does  not  occasion  deafness,  the  only 
consequence  is  a  confusion  in  the  perception  of  souuds.  When, 
however,  the  stapes,  the  base  of  which  rests  on  the  greatest  part 
of  the  fenestra  ovalis,  or  when  the  thin  membrane  which  close* 
the    fenestra  ovalis,   or   when  that  which  closes  the  fenestra 
rotunda  is  destroyed,  deafness  takes  place,  in  consequence  of 
the  escape  of  the  fluid  which  fills  the  cavities  in  which  auditory 
nerve  is  distributed. 

The  existence  of  this  fluid  appears  essential  to  the  mechanism  of 
bearing,  either  from  its  keeping  the  nerves  in  the  soft  and  moist 
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itate  required  for  Ihe  purpose  of  sensation,  or  from  its  trans- 
mitting to  them,  the  undulatory  motion  vtilh  which  it  is 
agitated. 

The  deafness  of  old  people,  which,  according  to  authors,  de- 
pends on  the  impaired  sensibility  of  the  nerves,  whose  excitability 
has  been  exhausted  by  impressions  too  frequently  repeated,  ap- 
pears, sometimes,  to  be  occasioned  by  a  deficiency  of  this  humour, 
and  by  the  want  of  moisture  in  the  internal  cavities  of  the  ear. 
During  the  severe  winter  of  1798,  Professor  Pinel  opened,  at  the 
Hospital  of  Salpetriere,  the  skull  of  several  women  who  died  at  a 
very  advanced  age,  and  who  had  been  deaf  for  several  years.  The 
cavities  of  the  internal  ear  were  found  quite  empty;  they  contained 
an  icicle  in  younger  subjects  who  had  possessed  the  power  of 
hearing. 

Deafness  may,  likewise,  be  produced  by  a  palsy  of  the  portio 
mollis  of  the  seventh  pair,  or  by  a  morbid  condition  of  the  part 
of  brain  from  which  this  nerve  arises.  The  mechanical  explana- 
tion applied  by  Willis  to  the  anomalous  affections  of  the  organ 
of  hearing,  is  inadmissible,  those  in  which  that  organ  is  sensible 
only  to  the  impression  of  weak  or  strong  sounds  acting  togethei 
or  separately. 

This  author  relates  the  case  of  a  woman  who  could  not  hear, 
unless  a  great  noise  was  made  near  her,  either  by  beating  a  drum 
or  by  ringing  a  bell,  because,  says  he,  under  such  circumstances, 
these  loud  noises  determine  in  the  membrana  tympani,which  he  sup- 
poses in  a  state  of  relaxation,  the  degree  of  tension  required  to  ena- 
ble it  to  vibrate  underthe  impression  of  weaker  sounds.  This  mem- 
brane, to  present  greater  resistance,  must  be  put  on  the  stretch  by 
the  internal  muscle  of  the  malleus,  or  by  i(s  own  contraction.  The 
total  absence  of  muscular  fibres  in  the  membrani  lympani,  in  man, 
renders  very  doubtful  this  spontaneous  contraction.    Mr.  Home, 
however,  has  just  ascertained  that  the  membrana  ty mpani  of  the  ele- 
phant is  muscular  and  contractile.    Admitting  all  these  supposi- 
tions, we  only  substitute  one  difficulty  for  another,  and  it  remains 
to  be  shewu,  why  the  more  powerful  sounds  merely  increase  the 
tone  of  the  membrana  tympani;  why  they  do  not  become  ob- 
jects of  perception  of  the  organ  of  hearing,  though  they  might 
be  expected  to  render  us  insensible  to  the  perception  of  weaker 
sounds. 

CXXIV.  Of  odours.  Chemists  have  long  thought  that  the 
«doriferous  part  of  bodies  formed  a  peculiar  principle,  distinct 
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from  all  the  other  substances  entering  into  their  composition; 
they  gave  it  tire  name  of  aroma;  M.  Fourcroy,  however,  has 
clearly  shewn,  that  this  pretended  element  consisted  merely  of 
minute  particles  of  bodies,  detached  by  heat  and  dissolved  in  the 
atmosphere,  which  becomes  loaded  with  them  and  conveys  them  to 
the  olfactory  organs.    According  to  this  theory,  all 'bodies  are 
odoriferous,  since  caloric  may  sublimate  some  of  the  particles  of 
those  which  are  least  volatile.    Linnanis  and  Lorry  had  endea- 
voured to  class  odours,  according  to  the  sensations  which  they 
produce*;  M.  Fourcroy  has  been  guided  by  the  chemical  nature 
of  substances;  but  however  advantageous  this  last  classification 
may  be,  it  is  difficult  to  include  in  it,  the  infinitely  varied  odouis 
which  exhale  from  substances  of  all  kinds,  and  it  is  perhaps  as  dif- 
ficult to  arrange  them  in  classes,  as  the  bodies  from  which  they  are 
produced. 

This  being  laid  down  on  the  nature  of  odours,  it  is  next  explained, 
why  the  atmosphere  becomes  loaded  with  the  greater  quantity, 
the  warmer  and  the  more  moist  it  is.  We  know,  that  in  a  flower 
garden,  the  air  is  at  no  time  more  loaded  with  fragrant  odours,  and 
the  smell  is  never  the  source  of  greater  enjoyment,  than  in  the 
morning,  when  the  dew  is  evaporating  by  the  rays  of  the  sun.  It 
is,  likewise,  easily  understood,  why  the  most  pungent  smells,  gene- 
rally evaporate  very  readily,  as  ether,  alcohol,  the  spirituous  tinc- 
tures and  essential  volatile  oils. 

CXXV.  Of  the  orgun  of  smell.  The  nasal  fosss?,  within 
which  this  organ  is  situated,  are  two  cavities  in  the  depth  of 
the  face  and  extending  backward  into  other  cavities,  called 
frontal,  ethmoideal,  sphenoideal,  palatine,  and  maxillary  si- 
nuses. 

A  pretty  thick  mucous  membrane,  always  moist,  and  in  the 
tissue  of  which,  the  olfactory  nerves  and  a  considerable  number  of 

*  Linnaeus  admits  seven  classes  of  odours  ;  1st  class,  ambrosiac  odours,  those 
o/.the  rose  and  of  musk  belong  to  this  class,  they  are  characterized  by  their 
tenacity:  2nd,  frag  rant;  for  example,  the  lily,  the  saffron,  and  jasmine;  they 
fly  off  readily  }  -3rd,  aromatic,  as  the  smell  of  the  laurel ;  4th,  aliaceous,  ap- 
proaching to  that  of  garlic  :  5th, -fetid,  as  that  valerian  and  fungi .  6th  virous, 
as  of  poppies  and  opium  :  7th,  nauseous  as  that  of  gourds,  melons,  cucumbers, 
and,ingrneral,allcucurbitaceous  plants. 

Lorry  admits  only  five  kinds  of  oiwus.camphoralcd, narcotic,  ethereal,  volatile 

acid,  and  alkaline. 

'  M.  Fourcrov  admits  tnemuicns  aroma,  belonging  to  plants  improperly  termed 
inodorous,     bilgand  fugacious,  .oily  and  vokitile,   acid  and  hsdrcsulphu. 
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other  nerves  and  vessels  are  distributed,  lines  the  nostrils  and  ex- 
K  niis  into  the  sinuses  which  communicate  with  them  and  covers 
their  parietes,  throughout  their  windings  and  prominences.  .  This 
membrane,  called  pituitary,  is  soft  and  fungous  aud  is  the  organ, 
which  secretes  the  mucus  of  the  nose;  it  is  thicker  over  the 
turbinated  bones  which  lie"  within  the  olfactory  cavities;  it 
grows  thinner  and  firmer,  in  the  different  sinuses. 

The  smell  appears  more  delicate  in  proportion  as  the  nasal 
fossce  being  more  capacious,  the  pituitary  membrane  covers  a 
greater  space.  The  soft  and  moist  condition  of  this  membrane  is, 
likewise,  essentially  necessary  to  the  perfection  of  this  sense.  In 
the  dog,  and  in  all  animals  which  have  a  very  exquisite  sense  of 
smell,  the  frontal,  ethmoideal,  sphenoidal,  palatine  and  maxillary 
sinuses,  are  prodigiously  capacious,  and  the  parietes  of  the  skull 
are,  in  great  measure,  hollowed  by  these  different  parts  of  the 
olfactory  apparatus;  the  turbinated  bones  are,  likewise,  very  pro- 
minent in  them,  and  the  grooves  between  them,  very  deep;  lastly, 
the  nerves  ef  the  first  pair  are  large  in  proportion.  Among  the 
animals  possessed  of  great  delicacy  of  smell,  few  are  more  remark- 
able than  the  hog.  This  impure  animal,  accustomed  to  live  in 
the  most  offensive  smells,  and  in  the  most  disgusting  filth,  has, 
however,  so  very  nice  a  smell,  that  it  can  detect  certain  roots, 
though  buried  in  the  earth  at  a  considerable  depth.  In  some 
countries,  this  quality  is  turned  to  advantage,  and  swine  are  em- 
ployed in  looking  for  trufles.  The  animal  is  taken  to  those  places 
where  they  are  suspected  to  be,  turns  up  the  earth  in  which  they 
buried  and  w  ould  feed  on  them  greedily,  if  theherdsmau  satisfied 
with  this  indication,  did  not  drive  them  away  from  this  substance 
intended  for  more  delicate  palates.. 

CXXVI.  Of  the  sensation  of  odours.  Do  the  nerves  of  the 
fisrt  pair  alone  give  to  the  pituitary  membrane,  the  power  of  re- 
ceiving the  impression  of  smell,  and  do  the  numerous  filaments  of 
the  fifth  pair,  merely  impart  to  it  the  general  sensibility  belonging 
to  other  parts?  This  question  appears  to  require  an  answer  in  the 
affirmative.  The  pituitary  membrajie,  iu  fact,  possesses,  two 
modes  of  sensibility,  perfectly  distinct,  since  the  one  of  (he  two 
may  be  almost  completely  destroyed  aud  the  other  cousiderably 
increased.  Thus,  in  violent  catarrh,  the  sensibility  of  the  part,  as 
far  as  relates  to  the  touch,  is  very  acute,  since  the  pituitary 
membrane  is  affected  with  pain,  while  the  patient  is  insensible  to 
the  strongest  smells. 

•  2  Q 
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It  seems  probable,  thai  tlie  olfactory  nerves  do  not  extend  into 
the  sinuses,  and  that  these  improve  the  sense  of  smell,  merely  bv 
retaining,  for  a  longe  r  spare  of  time,  a  considerable  mass  of  air 
loaded  with  odoriferous  particles.  I  have  known  detergent  in- 
jections, strongly  scented,  thrown  iato  the  antrum  highmorianum 
by  a  fistula  in  the  alveolar  processes,  produce  no  sensation  of 
smell.  A  phial  filled  with  a  spirituous  liquor  having  been  applied 
to  a  fistula  in  the  frontal  sinuses,  gave  no  impression  to  the  patient. 
The  true  scat  of  the  sense  of  smell  is  at  the  most  elevated  part 
of  the  nostrils,  which  (lie  nose  covers  over  in  the  form  of  a  capital. 
There  the  pituitary  membrane  is  moister,  receives  into  its  tissue  the 
numerous  filaments  of  the  first  pair  of  nerves,  which  arising  by 
two  roots  from  the  anterior  lobe  of  the  brain,  and  from  the  fissure 
which  separates  it  from  the  posterior  lobe,  passes  from  the 
cranium,  through  the  openings  of  the  cribriform  plate  of  the 
ethmoid  bone,  and  teiminates  forming,  by  the  expansion  of  its 
filaments,  a  kind  of  parenchymatous  tissue  uot  ' easily  dis- 
tinguished from  that  of  the  membrane.  The  olfactory  pa- 
pillae would  soon  be  destroyed  by  the  contact  of  the  atmos- 
pherical air,  if  they  were  not  covered  over  by  the  mucus  of  the 
nose.  The  use  of  this  mucus  is,  not  merely  to  preserve  the  extre- 
mities of  the  nerves,  in  a  sentient  state,  by  preventing  them  from 
becoming  dry,  but,  likewise,  to  lessen  the  too  strong  impres- 
sion that  would  arise  from  the  immediate  contact  of  the  odorife- 
rous particles.  It  perhaps  even  combines  with  the  odours,  and 
these  affect  the  olfactory  organs,  only  when  dissolved  in  mucus, 
as  the  food  in  saliva. 

As  the  air  is  the  vehicle  of  odours,  these  affect  the  pituitary 
membrane,  only  when  we  inhale  it  into  the  nostrils.  Hence, 
when  any  odour  is  grateful  to  us,  we  take  in  short  and  frequent 
inspirations,  that  the  whole  of  the  air,  which  is  received  into  the 
lungs,  may  pass  through  the  nasal  fossae.  We,  on  the  contrary, 
breathe  through  the  mouth,  or  we  suspend  respiration  altogether, 
when  smells  are  disagreeable  to  us. 

The  sense  of  smell,  like  all  the  other  senses,  is  readily  impressed 
in  children,  though  the  nasal  fossae  are,  in  them,  much  contracted, 
and  though  the  sinuses  are  not  yet  formed.  The  general  increase  of 
sensibility,  at  this  period  of  life,  makes  up  for  the  imperfect  state 
of  the  organization,  and  it  is,  in  this  respect,  with  the  nasal  fossa;, 
as  with  the  auditory  apparatus,  of  which  an  important  part,  tho 
neatus  externus,  is  then  not  completely  evolved.  The  sense  of  smell 
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is  perfected  by  the  loss  of  souk;  of  the  other  senses;  every  Lody, 
for  example, knows  the  history  of  the  blind  man  whom  that  organ 
enabled  to  judge  of  the  continence  of  his  daughter;  it  becomes 
blunted  by  the  application  of  strong  and  pungent  odours.  Thus, 
suufi"  changes  the  quality  of  the  mucus  secreted  by  the  membrane  of 
the  nose, alters  its  tissue,  dry!  its  nerves,  and,  in  the' course  of 
time,  impairs  their  sensibility. 

The  shortness  of  the  distance  between  the  origin  of  the  olfac- 
tory nerves,  in  the  brain,  and  their  termination  in  the  nasal  fossae, 
render  yery  prompt  and  easy  the  transmission  of  the  impressions 
which  they  experience.  This  vicinity  to  the  hrain,  induces  us  to 
apply  to  those  nerves,  stimulants  calculated  to  rouse  the  sensibi- 
lity, when  life  is  suspended,  as  in  fainting  and  asphyxia.  The  sym- 
pathetic connexions,  between  the  pituitary  membrane  and  the  dia. 
phragm,  account  for  the  good  effects  of  stenuttatoiies,  iu  cases  of 
apparent  death. 

CXX.VTI.  Of  flavours.  Flavours  are  no  less  varied  and  no 
less  numerous  than  odours;  and  it  is  as  difficult  to  reduce  them  to 
genera]  classes  connected  by  analogies  and  including  the  whole.* 
Besides,  there  exists  no  element  of  flavour,  any  more  than  an  odo- 
riferous principle.  The  flavour  of  fruits  alters,  as  they  ripen, 
and  appears  to  depend  on  the  inward  composition  of  bodies,  on 
their  peculiar  nature,  rather  thau  on  the  form  of  their  molecules, 
since  crystals  of  the  same  figure,  but  belongimg  to  different  salts, 
do  not  produce  similar  sensations. 

To  affect  the  organ  of  taste,  a  liody  should  bo  soluble  at  the 
ordinary  temperature  of  the  saliva;  all  insoluble  substances  are 
insipid,  and  one  might  apply  to  the  organ  of  taste,  this  celebrated 
axiom  iu  chemistry;  corpora  non  ugunt  hist  solula.  If  there  is  a 
complete  absence  of  saliva,  and  if  the  body  that  is  chewed  is  altoge- 
ther without  moisture,  it  will  affect  the  parched  tongue,  only  by 
its  tactile,  and  not  at  all  by  its  gustatory  qualities.  The  substances 
which  have  most  flavour,  are  those  which  yield  most  readilyto  che- 
mical combinations  and  decompositions,  as  acids,  alkalis  and  neu- 
tral salts.    When,  in  affections  of  the  digestive  organs,  the  tongue 


*  This  has  been  attempted,  though  With  indifferent  success,  by  Boerhaave, 
Haller,  and  f,innaeos.  Acid,  >icect,  billtr,  acrid,  saltish,  alkaline,  vinous,  spiri- 
tuoiu,  aromatic,  and  acerb  were  the  terms  employed  by  those  physicianSj-to  cx- 
preis  ibe  general  characters  of  flaToun, 
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is  covered  with  a  mucousor  whitish  fur,  or  of  a  yellowish  or  bilious 
colour,  we  have  only  incorrect  ideas  of  flavours;  the  thinner  or 
thicker  coating  prevents  the  immediate  contact  of  tlie  sapid  parti- 
cles; when  they  act,  besides,  on  the  nervous  papilla?,  the  impres- 
sion which  they  produce  is  lost  in  that  occasioned  by  the  morbid 
contents  of  the  stomach;  heuce  every  aliment  appears  bitter, 
while  the  bilious  disposition  exists,  and  insipid,  in  those  diseases 
in  which  the  mucous  elements  prevail. 

CXXVIII.  0/  the  sense  of  taste.  No  sense  is  so  much  akin 
to  that  of  the  touch,  or  resembles  it  more.  The  surface4  of  the 
organ  of  taste  differs  from  the  common  integuments,  only  in  this 
respect,  that  the  chorion,  the  mucous  body  and  the  epidermis 
which  envelop  the  fleshy  part  of  the  tongue  are  softer,  thinner, 
and  receive  a  greater  quantity  of  nerves  and  vessels,  and  are  habi- 
tually moistened  by  the  saliva  and  by  the  mucus,  secreted  by  the 
mucous  glands  contained  in  their  substance.  These  mucous 
cryptaj,  and  the  nerves  of  the  cutaneous  covering  of  the  tongue, 
raise  the  very  thin  epidermis  which  covers  its  upper  furface,  and 
form  a  number  of  papilla;  distinguished,  by  their  form,  into/un- 
gous, conical,  and  villous.  With  the  exception  of  the  first  kind, 
these  small  prominences  are  formed  by  the  extremities  of  nerves 
surrounded  by  bloodvessels  which  give  to  these  papillae  the  power 
of  becoming  turgid  and  prominent,  and  of  being  affected  with  a 
kind  of  erection,  when  we  eat  highly  seasoned  food,  or  when  we 
long  for  a  savoury  dish.  The  fungous  papillae  are  mostly  si- 
tuated at  the  remotest  part  of  the  upper  surface  of  the  tougue,  to- 
wards its  root,  where  it  forms  a  part  of  the  isthmus  faueium. 
The  pressure  with  which  they  are  affected  by  the  alimentary  bolus, 
in  its  passage  from  the  mouth  into  the  pharynx,  squeezes  out  the 
mucus  which  lubricates  the  edges  of  the  aperture,  and  serves  to 
promote  its  passage:  these  mucous  follicles,  fulfil,  in  this  respect, 
the  same  office,  as  the  amygdala;. 

The  upper  surface  of  the  tongue  is  the  seat  of  taste :  it  is  unde- 
niable, however,  that  the  lips,  the  gums,  the  membrane  lining  the 
arch  of  the  palate,  and  the  velum  palati,  may  be  affected  by  the 
impression  of  certain  flavours. 

It  is  observed,  in  the  different  animals,  that  the  organ  of  taste 
is  more  perfect,  according  as  the  nerves  of  the  tongue  are  larger, 
its  skin  thinner  and  moister,  its  tissue  more  flexible,  its  surface 
more  extensive,  its  motions  easier  and  more  varied.    Hence,  the 
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pone  in  the  tongue  of  birds,  by  diminishing  its  flexibility,  the  os- 
seous scales  of  the  swan's  tongue,  by  reducing  the  extent  of  the 
sentient  surface ;  the  adhesion  of  the  tongue  to  the  jaws,  in  frog9, 
in  the  salamander  and  in  the  crocodile,  by  prevailing  freedom  of 
ruction, rerder  in  these  anima's,  the  senseof  taste  duller  and  less  cal- 
culated to  feel  the  impression  of  sapid  bodies,  than  in  man,  and  the 
other  mammiforous  animals.  Man  would,  probably,  excel  all  thd 
other  animals,  in  delicacy  of  taste,  if  he  did  not,  at  an  earl}  period, 
impair  its  sensibility,  by  strong  drinks,  and  by  the  use  of  spices, 
and  of  all  the  luxuries  that  are  daily  brought  to  our  tables.  The 
quadrupeds,  whose  tongue  is  covered  by  a  rougher  skin,  discover 
better  than  we  can,  by  the  sense  of  taste,  poisonous,  or  noxious 
substances.  Vi'e  know,  that  in  the  variety  of  plants  which  cover 
the  face  of  the  earth,  herbivorous  animals  select  a  certain  number 
of  plauts  suited  to  their  nature,  and  uniformly  reject  those  which 
would  be  injurious  to  (hem. 

C'XXIX.  Is  the  lingual  branch  of  the  fifth  pair  of  nerves,  alone 
subsenient  to  the  sense  of  taate?  Are  not  the  ninth  pair  (almost 
wholly  distributed  in  the  tissue  cf  the  tongue),  and  the  glosso 
pharyngeal  branch  of  the  eighth,  likewise  subservient  to  this  func- 
tion ?  Most  anatomists,  since  Galen,  have  thought  that  the  eighth 
and  ninth  pair  supplied  the  tongue  with  its  nerves  of  motion,  and 
that  it  received  from  the  fifth,  its  nerves  of  sensation.  Several  fila- 
ments, however,  of  the  great  hypoglossal  nerve,  may  be  traced 
into  the  nervous  papilla;  of  the  tougue.  This  nerve  is  larger  than 
the  lingual,  and  is  more  exclusively  distributed  to  this  organ 
than  the  fifth  pair,  to  which  the  other  nerve  belongs.  Hevermauu 
states,  that  he  knew  a  case,  in  which  the  sense  of  taste  was  lost 
from  the  division  of  the  nerve  of  the  ninth  pair,  in  removing  a 
schirrous  gland.  This  case,  however,  appears  to  me  a  very  suspi- 
cious one.  The  patient  might  still  have  tasted,  by  means  of  the 
lingual  nerve,  and  the  sense  would  only  have  been  weakened, 
'lhe  division  of  one  of  the  nerves  of  the  ninth  pair  could  render 


*  Especially  the  anterior  part  of  the  palatine  membrane.  The  naso-palatine 
j!tvc,  diKOrered  by  Scarpa,  after  arising  from  the  ganglion  of  Mekel,  and 
going  for  a  pretty  considerable  distance  into  the  nasal  fossa:,  terminates  in  that 
thick  and  rugoii9  portion  of  the  palatine  membrane  situated  behind  the 
upper  iqcisors,  and  with  which  the  tip  of  the  tongue  is  in  such  fiequeut 
contact. 
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insensible,  ouly  that  half  of  the  tongue  to  which  it  is  distributed* 
the  other  half  would  continue  fully  to  possess  the  faculty  of 
taste 

The  application  of  metals  to  the  different  nervous  filaments  dis. 
tributed  to  the  tongue,  ought  to  inform  us  of  their  different  uses, 
if,  as  Humboldt  suspects,  the  galvanic  excitement  of  the  nerves  of 
motion,  alone  produces  contractions.  To  ascertain  the  truth  of 
this  conjecture,  I  placed  a  plate  of  zinc  within  the  skull,  under  the 
trunk  of  the  nerve  of  the  fifth  pair,  in  a  dog  that  had  been  killed  a 
few  minutes  before,  and  that  still  retained  its  warmth;  the  muscles 
of  the  tongue,  under  which  a  piece  of  silver  was  placed,  quivered 
very  slightly ;  those  of  the  forehead  and  temples  in  contact  with 
the  same  metal,  experienced  very  sensible  contractions,  whenever 
a  communication  was  made,  by  means  of  an  iron  rod.  This  experi- 
ment shewed,  that  the  Ungual  branch  of  this  nerve  was,  almost 
solely,  subservient  to  the  sensation  of  taste,  which  agrees  with  the 
opinion  of  most  physiologists,  and  the  same  inference  may  be 
drawn  from  the  anatomical  knowledge  of  the  situation  of  this 
nerve  which,  almost  entirely,  terminates  in  the  papilla;  of  the 
membrane  of  the  tongue,  and  sends  very  few  filaments  to  the  mus- 
cles of  that  organ.  But  though  the  galvanic  irritation  applied  to 
the  hypoglossal  nerve  affected  the  whole  tongue,  in  a  convulsive 
manner,  I  did  not  think  myself  justified  to  infer,  that  this  nerve 
was  solely  destined  to  perform  its  motions ;  as  this  nervous  trunk 
might,  in  this  part  of  the  body,  as  it  does  in  others,  contain  fila- 
ments both  of  sensation  and  motion. 

The  tongue,  though  an  azygous  organ,  is  formed  of  parts  com- 
pletely symmetrical ;  there  are,  on  each  side,  four  muscles  ( stylo, 
hyo,  genio,  glosso  and  lingual)  ;  three  nerves  (lingual,  glosso* 
pharyngeal,  and  hypoglossal) ;  a  ranine  artery  and  vein ;  and  a 
set  of  lymphatic  vessels  precisely  alike.  All  these  parts,  by  their 
union,  form  a  fleshy  body  of  a  close  texture  and  not  easily  unra~ 
veiled,  similar  to  that  of  the  ventricles  of  the  heart,  endowed  with 
a  considerable  degree  of  mobility,  in  consequence  of  the  nume- 
rous vessels  and  nerves  entering  into  its  substance.  If  we  com- 
pare their  number  and  size  with  the  small  bulk  of  the  organ,  it 
w  ill  be  readily  understood,  that,  as  no  part  of  the  body  can  execute 
more  frequent,  more  extensive,  and  more  varied  motions,  so  no  one 
receives  more  vessels  and  nerves.  A  middle  line  separates  and 
marks  the  limits  of  the  two  halves  of  the  tongue,  which  anatomi- 
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cally  and  physiologically  considered,  appears  formed  of  two  dis- 
tinct organs  in  juxta-position. 

This  independance  of  the  two  parts  of  the  tongue  is  confirmed 
bv  the  phenomena  of  disease  ;  in  hemiplegia,  the  side  of  the  tongue 
corresponding  to  the  half  of  the  body  that  is  paralyzed,  loses, 
likewise,  the  power  of  motion  ;  the  other  retains  its  mobility,  and 
draws  the  tongue  towards  that  side.  In  carcinoma  of  the  tongue, 
one  side  remains  unaffected  by  the  affection  which  destroys  the 
other  half;  lastly,  the  arteries  and  nerves  of  the  left  side  rarely 
anastomose  with  those  on  the  right;   injections  forced'' jil'o'ng 

one  of  the  ranine  arteries,  fill  only  the  conesponding  half  of  the 
fin  oife  i  i        "'iia  t  '■'•)*.'  ■'  V,;  'rti  n  .oou  iionir 

organ,  etc.  :.  .t  ^-^i 

C XXX.    Of  the  touch.    No  part  of  the  surface  of  pur  body  is 
exposed  to  receive  the  touch  of  a  foreign  body,  without  our  being 
speedily  informed  of  it.  If  the  organs  of  sight,  of  hearing,  of  smell, 
and  of  taste,  occupy  only  limited  spaces,touch  resides  in  all  the  other 
parts  and  effectually  watches  over  our  preservation.    The  touch, 
distributed  over  the  whole  surface,  appears  to  be  the  elementary 
sense,  and  all  the  others  are  only  modifications'  of  it,  accommo- 
dated to  certain  properties  of  bodies.    All  that  is  not  light,  sound, 
smell,  or  flavour,  is  appreciated  by  the  touch,  which  thus  instructs 
us  in  the  greater  part  of  the  qualities  of  bodies  which  it  concerns 
us  to  know,  as  their  temperature,  their  consistence,  their  state  of 
dryness,  or  humidity,  their  figure,  their  size,  their  distance,  &c. 
It  corrects  the  errors  of  the  sight  and  of  all  the  other  senses, 
of  which  it  may  justly  be  called  the  regulator,  and  it  furnishes  us 
with  the  most  exact  and  distinct  ideas. 

The  touch,  of  which  some  authors  have  sought  to  consecrate 
the  excellence,  by  giving  it  the  name  of  the  geometrical  sense,  is 
not,  however,  safe  from  all  mistake.  Whilst  it  is  employed  on 
the  geometrical  properties,  derived  from  space,  and  that  it  ap- 
preciates the  length,  the  breadth,  the  thickness,  the  form  of  bodies, 
it  transmits  to  the  intellect,  rigourous  and  mathematical  results, 
hut  the  ideas  we  acquire,  by  its  means,  on  the  temperature  of 
bodies  are  far  from  being  equally  precise.  For,  if  you  have  just 
touched  ice,  another  body  colder  than  yours,  will  appear  warm. 
It  is  for  this  reason,  that  subterraneous  places  appear  warm  to  us 
during  winter.  They  have  kept  their  temperature  whilst  all 
thing?  else  have  changed  theirs  ;  and  as  we  judge-of  the  heat  of  an 
object  by  its  relation  not  only  to  our  own,  but  also  to  that  of 
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other  bodies  and,  of  the  nir  about  us,  we  find  the  son*  pjaccs  warm, 
which  had  appeared  cold  to  us,  in  the  middle-  of  summer. 

,  The  d.-usest  bodies  bein^  I  tie  best  .conductors  of  heat*,  marble1 
metals,  &c,.  appear  colder  to  us  than  tjiey  really  are,  because  they, 
carry  i;  off  so  rapidly.  Marble  and  metals,  when  polished,  «J 
pear  still  col<kr;  because,  as  they  touch  the  skin  in  many  more 
points  atoncc,  tluyeffct  this  abstraction  moreeffcctually.  Kvcry 
ono  knows  >,e  experiment  of  placing  a  little  ball  between 
the  two  fingers  crossed,  and  producing  the  sensation  of  two  diffe- 
rent balls. 

CXXXI.  Oj  the  integuments.  The  general  covering  of  the 
whole  body  H  the  organ  of  touch,  which  resides  in  the  skin  pro- 
perly  so  called.  The  cellular  tissue  which  connects  together  a!! 
our  parts,  forms  over-the  whole  body,  a  layer  yarying  in  thickness, 
which  covers  it,,  in  every  part:  it  is  called  pumricuhis  ua/pesui. 
As  it  approaches  the  surface,  its  lamina?  are  more  condensed  are 
in  more  immediate  contact  with  each  other,  and  are  no  longer  se- 
parated by  adep?,  It  is  by  the  closer  juxta  position  of  the  lamina: 
of  the  cellular  tissue,  that  the  skin  or  dermis  is  formed,  a  dense 
and  elastic  membrane,  into  which  numerous  vessels,  oi  all  klnils, 
are  distributed,  and  into  which  so  great  a  quantity  of  ru  rves  ter- 
minate, that  the  ancients  did  not  hesitate  to  consider  the  skin  as 
purely  nervous. 

In  certain  parts  of  the  body,  a  very  thin  muscular  plane  sepa- 
rates the  skin  from  the  panniculus  adiposus.  This  kind  of  pannicu- 
lus  carnosus  envelops,  almost  entirely,  the  body  of  some  animals  ; 
its  contractions  wrinkle  their  skin  covered  with  hairs,  these  rise,  vi- 
brate, and  thus  are  cleared  of  the  dust  and  dirt  w  Inch  may  havo 
gathered  on  them.  It  is  by  means  of  a  cutaneous  muscle,  of  very 
complex  structure,  that  the  hedge  hog  is  enabled  to  coil  himself  up, 


*  Woolly  substances,  &c.  all  fells,  of  which  the  crossing  hairs  confine,  hi 
some  sort,  a  great  quantity  of  air,  a  fluid  which,  from  its  gazcoUs  state,  is  a  very 
had  conductor  of  heat,  retain  heat  well  ; — and,  of  equal  thickness,  a  stuff  of 
fine  wool,  of  which  the  hairs  are  more  separated,  the  tissue  sofler,  will  be 
warmer  than  a  stuff  of  coarse  wool,  of  which  ihc  threads,  loo  close,  form  a 
dense  body,  through  which  cold,  as  well  as  heal,  will  pass  wilh  ease.  Il  is-  by 
thus  confining  a  certain  mass  of  air,  lhat'snow  keeps  the  soil  it  covers,  in  a 
mild  temperature,  and  preserves  plants  from  the  injury  of  excessive  cold:  a 
physical  truth  which  is  found  figuratively  expressed,  in  the  words  of  the 
J'^alfaist  "  El  dedit  Mi  nivcm  lanqitam  acstimcntum." 


and  to  present  to  his  enemy  a  surface  studded  with  sharp  points  J 
only  a  few  scattered  rudiments  of  an  analogous  structure,  are  to 
be  met  with  in  the  human  body ;  the  occipito  frontalis,  the  corru- 
gutor  supercilii,  several  muscles  of  the  face,  the  platysma  myoides, 
the  palmaris  cutaneous  may  be  considered  as  forming  part  of  this 
muscle.  We  may  even  include  the  cremaster,  whose  expanded 
fibres,  surrounded  by  the  dartos,  have  misled  some  anatomists  to 
such  a  degree,  that  they  have  admitted  the  existence  of  a  muscular 
texture  in  the  latten  These  fibres  of  the  cremaster,  produce  dis.. 
tinct  motions  in  the  skin  of  the  scrotum,  wrinkle  it,  in  a  transverse 
direction,  and,  at  the  same  time,  bring  up  the  testicles.  The 
platysma  myoides  acts,  likewise,  on  the  skin  of  the  neck  \  lastly, 
the  occipifo-frontalis,  in  some  men,  performs  so  distinct  a  motion 
of  the  hairy  scalp,  as  to  throw  off  a  hat,  a  cap,  or  any  other  co- 
vering that  may  be  on  the  head.  One  may  compare  to  the  pan- 
aiculus  carnosus,  the  muscular  coat  of  the  digestive  tube,  situated^ 
throughout  its  whole  length,  below  the  mucous  membrane, 
which  is  merely  a  prolongation  of  the  skin  modified  and  softened. 

But  if,  in  man,  the  subcutaneous  muscle,  from  its  imperfect  state, 
answers  purposes  only  of  secondary  importance,  the  layer  of  cel. 
lular  adipose  substance,  extended  under  the  skin,  gives  to  the 
latter  Its  tension,  its  whiteness,  its  polish,  its  suppleness,  favours 
its  applying  itself  to  tangible  objects  and  thus  renders  the  touch 
more  delicate.  Too  hard  or  wrinkled  a  skin  would  have  applied 
itself  in  a  very  incomplete  manner,  to  bodies  of  a  small  size,  and 
would  not  readily  have  accommodated  itself  to  the  small  irregula- 
rities of  those  of  inconsiderable  bulk.  Hence  the  pulp  of  the 
fingers,  which  is  the  seat  of  a  more  delicate  touch,  is  furnished  with 
a  kind  of  adipose  cushion  supported  by  the  nails,  ready  to  be  ap- 
plied to  polished  surfaces,  and  to  discover  their  slightest  asperities. 
I  have  observed  the  sense  of  touch  to  be  very  imperfect,  in  men 
waited  by  marasmus,  and  whose  hard,  dry,  and  wrinkled  skin  td* 
heres,  in  certain  situations,  to  the  subjacent  parts. 

The  chemical  analysis  of  the  cutaneous  tissue  shews,  that  it  does 
not  exactly  resemble  that  of  the  cellular  and  membranous  tissue; 
it  is  gelatino-fibrous,  and,  with  regard  to  its  structure  and  to  its 
share  of  contractility,  it  occupies  a  medium,  between  the  cellular 
tissues  aud  the  muscular  flesh.  There  arise,  from  the  surface  of  the 
skin,  innumerable  small  papillae,  fungous,  conical,  pointed,  obtuse 
and  variously  shaped,  in  the  different  parts  of  Irie  body.  These 
papillae  are  merely  the  pulpoua  extremities  of  the  nerves  which 
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terminate  into  them,  and  around  which  there  are  distributed  vascu- 
lar tissues  of  the  utmost  minuteness.  The  papilla;  of  the  skin, 
which  are  more  distinct  in  the  fingers  and  lips  than  elsewhere, 
swell,  when  irritated,  elevate,  in  a  manner,  the  epidermis,  and 
this  kind  of  erection,  v.hich  is  useful  when  we  wish  to  touch  a 
substance  with  great  precision,  may  be  excited  by  friction  or  by 
model  ate  heat. 

The  nervous  or  sentient  surface  of  the  skin  is  covered  with  a 
mucous  coating,  colourless  in  Europeans,  of  dark  colour,  from  the 
effects  of  light,  among  the  natives  of  southern  climates;  of  a  gela- 
tinous nature,  destined  to  maintain  the  papillae  in  that  state  of 
moisture  aud  softness  favourable  to  the  touch.  This  mucilaginous 
layer,  known  under  the  name  of  rete  mucosum  of  Mai pighi,  seems 
to  contain  the  principle  which  causes  the  variety  of  colour  in  the 
skin  of  different  nations,  as  will  be  observed,  in  speaking  of  the 
varieties  of  the  human  species. 

The  reticular  state  of  the  rete  mucosum  may  be  explained  in  two 
-ways ;  a  thin  and  gelatinous  layer,  extended  on  the  papillar  surface 
ef  the  skin,  is  perforated,  at  each  nervous  papilla:  and  if  it  were 
possible  to  coagulate  or  to  detach  this  coalfiig,  we.  should  have  a 
rreal  sieve,  or  reticulated  mesh  work,  with  a  perforation  at  every 
point,  corresponding  to  a  cutaneous  papilla.  The  sanguineous 
and  lymphatic  capillaries,  which  snrround  the  nervous  papilla?, 
form,  besides,  by  their  connexions,  a  net-work,  the  meshes  of 
which  are  very  minute  and  adhere  to  the  epidermis,  by  a  multitude 
of  small  vascular  filaments  that  insinuate  themselves  between  the 
scales  of  this  last  envelope. 

The  skin  would  be  unable  to  perform  its  functions,  if  an  outer, 
thin,  and  transparent  membrane,  the  epidermis,  did  not  prevent 
it  from  being  over  dried.  This  superficial  covering  is  quite  insen- 
sible, no  nerves  and  no  vessels,  of  any  kind,  are  found  iu  it,  and 
even  in  the  present  state  of  the  science,  we  do  not  understand 
how  it  is  formed,  how  it  repaiis  and  reproduces  itself  when  de- 
stroyed. The  most  minute  researches  on  its  structure,  merely 
shew  the  existence  of  an  infinite  number  of  lamella,  lying  over 
each  other,  and  overlapping  each  other,  like  the  tiles  of  a  roof. 
This  embricuiion  of  the  epidermoid  lamella;,  is  very  obvious 
in  fishes  and  reptiles,  the  scaly  skin  of  which  is  merely  au 
epidermis  whose(parts  are  much  more  coarsely  shaped. 

It  was  observed  (XLU),  in  the  account  of  absorption, how 
much  friction  facilitates  the  ahsorption  of  substances  applied  tr> 


the  surface  of  the  skin,  by  raisng  the  scales  of  the  epidermis,  so  as 
to  expose  the  orifices  of  the  absorbents,  whose  activity,  it  in  other 
respects,  increases. 

Ualler  conceives,  that  the  epidermis  is  formed  by  the  drying  up 
of  the  outer  layers  of  the  retc  raucosum.  Morgagni  thinks  it  is 
formed  by  the  induration  of  the  skin  in  consequence  of  the  pres- 
sure of  the  atmosphere.  In  objection  to  these  hypotheses,  one 
may  enquire,  how  it  happens,  that  by  the  time  the  foetus,  immersed 
in  the  liquor  amnii,  has  attained  its  third  month,  it  is  covered  with 
such  an  envelope.  Pressure  renders  the  skin  hard  and  callous, 
increases  considerably  its  thickness,  as  we  see  in  the  soles  of 
the  feet  and  in  the  palms  of  the  hands  of  perrons  engaged 
in  laborious  employments.  The  epidermis  reproduces  itself  with 
an  incredible  rapidity,  after  falling  olFin  scales,  after  erysipelas  or 
herpetic  eruptions,  or,  when  removed,  in  large  flakes,  by  blistering, 
it  is  renewed  in  the  course  of  a  very  few  days.  The  cuticle,  toge- 
ther with  the  hairs  and  the  nails,  which  may  be  considered  as  pro- 
ductions of  the  same  substance,  are  the  only  parts,  in  man,  that 
are  capable  of  reproducing  themselves.  The  hairs  and  the  horns 
of  quadrupeds,  the  feathers  of  birds,  the  calcareous  matter  of  the 
lobster  and  of  several  mollusca,  the  shell  of  the  turtle,  the  solid 
sheath;  of  a  number  of  insects,  possess,  as  well  as  the  epidermis, 
this  singular  property.  In  other  respects,  the  chemical  structure 
of  all  these  parts  is  the  same;  they  all  contain  a  considerable  pro- 
portion of  phosphate  of  lime,  withstand  decomposition,  and  give 
out  a  considerable  quantify  of  ammonia,  on  being  exposed  to  heat. 
The  use  of  the  epidermis  is  to  cover  the  nervous  papillae,  in  which 
the  faculty  of  the  touch  essentially  resides,  to  moderate  the  too 
vivid  impression  that  would  have  been  produced  by  an  immediate 
contact,  and  to  prevent  the  air  from  drying  the  skin  or  from  im. 
pairing  its  sensibility.  .  , 

This  desiccation  of  the  cutaneous  tissue  is  further  prevented,  and 
its  suppleness  maintained,  by  an  oily  substance,  which  exudes 
through  its  pores,  and  is  apparently  secreted  by  the  cutaneous  ex- 
halants.  This  unctuous  liniment  should  not  be  mistaken  for  that 
which  is  furnished  by  the  sebaceous  glands,  in  certain  situations,  as 
around  the  nostrils,  in  the  hollow  of  the  arm  pits,  and  in  the  groins. 
This  adipose  substance,  with  which  the  skin  is  anointed,  is  abun- 
dantand  fetid  in  some  persons,  especially  in  those  of  a  bilious  tem- 
perament, with  Ted  hair.    It  is,  likewise,  more  copious  in  the  Afri- 
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can  negroes,  as  if  Nature  had  been  anxious  to  guard  against  the 
too  rapid  desiccation,  by  the  burning  atmosphere  of  tropical  cli» 
mates.  This  use  of  the  oil  of  the  skin,  is,  likewise,  answered  by 
the  tallow,  the  fat,  and  the  disgusting  substances  with  which  the 
CafTres  and  the  Hottentots  anoint  their  body,  in  the  manner  de- 
scribed under  the  name  of  tatoolng,  by  the  travellers*  who  have 
penetrated  into  the  interior  of  the  burning  regions  of  Africa. 

The  ancients  had  a  somewhat  similar  practice,  and  the  anointing 
with  oil,  So  frequently  used  in  Ancient  Rome,  answered  the  same 
purpose,  of  softening  the  skin,  of  preventing  its  becoming  dry, 
or  chappedr.  The  pomatums  employed  at  the  present  day  at 
the  toilet,  possess  the  same  advantages.  The  continual  transuda- 
tion of  this  animal  oil  renders  it  necessary,  occasionally,  to  clean 
the  skin  by  bathing ;  the  water  removes  the  dust  and  the  other 
impurities  which  may  be  attached  to  its  surface  by  the  fluid  which 
lubricates  it.  It  is  this  humour  which  soils  our  linen  and  obliges 
us  50  frequently  to  renew  that  in  immediate  contact  with  the 
skin,  and  which  makes  the  water  collect  in  drops  when  we  como 
out  of  the  bath,  &c. 

Though  the  parts  in  which  there  is  found  the  greatest  quantity 
of  subcutaneous  fat,  are  not  always  the  most  oily,  and  though  ona 
cannot  consider  this  secretion  as  a  mere  filtration  of  this  adeps 
through  the  tissue  of  the  skin,  corpulence  has,  however,  a  manifest 
influence  on  its  quantity,  J  know  several  very  corpulent  persons 
in  whom  it  appears  to  be  evacuated  by  perspiration,  on  their  being 
heated  by  the  slightest  exertion.  They  all  grease  their  linen  in, 
less  than  twenty-four  hours.  An  excess  of  the  oily  matter  of  pers- 
piration is  injurious,  by  preventing  the  evacuation  of  the  perspira- 
tion and  its  solution  in  the  atmosphere. 

We  all  know  how,  after  the  epidermis  has  been  removed,  the 
slightest  contact  is  painful:  that  of  the  air  is  sufficient  to  bring  on 
a  painful  inflammation  of  the  skin  exposed  by  the  application  of  a 
blister.    The  epidermis,  as  was  1'ikewise  mentioned  in  speaking 

*  Among  others  Kolben,  Description  du  Cap  de  Bonne-Espernnee  Spar- 
irauii,  Voyage  au  Cap  d:  Bonne  Esperance  ct  chez  les  IlolUntots,  Yaillnnt, 
Voyage  dans  I'lnti'rieur  de  I'AIJriquc. 

>  The  reply  of  the  old  soldier  is  well  knonu,  who,  on  being  aked  by 
Augustus,  bow  lie  mine  to  live  so  long,  said,  lie  owed  his  long  life  tn 
the  use  of  wine  inwardly,  and  to  that  of  oil  outwardly  $  intus  vino,  cxtxit 
pUo. 
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of  the  absorption,  placed  on  the  limits  of  the  animal  economy, 
and  in  a  manner  inorganic,  serves  to  prevent  heterogeneous  sub- 
stances from  being  too  readily  admitted  into  the  body,  and,  at  tho 
same  time,  it  lessens  the  too  vivid  action  of  external  objects  on  our 
organs.  All  organised  and  living  bodies  are  furnished  with  this 
covering,  and,  in  all,  in  the  seed  of  a  plant,  in  its  stem,  and  on  the 
surface  of  the  body,  in  man  and  animals,  it  bears  to  the  skin  the 
greatest  analogy  of  function  and  nature.  Incorruptibility  is,  in  a 
manner,  its  essence,  and  is  its  peculiar  character;  and  in  tombs 
which  contain  merely  the  dust  of  the  skeleton,  it  is  not  uncommon 
to  find  whole  and  in  a  state  to  be  readily  distinguished,  the  thick- 
ened epidermis  that  forms  the  sole  of  the  foot  and  especially  the 
heel.  However,  this  incorruptibility  is  possessed,  as  well  as  others 
of  the  qualities  of  the  skin,  by  the  nails  and  the  hairs,  which  may 
be  considered  as  its  appendages. 

CXXXII.  Of  the  nails.  The  nails  are,  in  fact,  only  a  part  of 
the  epidermis:  they  are  continuous  with  it,  and,  after  death,  fall  off 
along  with  it.  Tbey  are  thicker  and  harder  ;  like  it  they  are  inor- 
ganic and  lamellated;  they  grow  rapidiy  from  their  root  towards 
their  free  extremity;  they  reproduce  themselves  rapidly  and  ac- 
quire several  inches  in  length,  when  the  part  beyond  the  ends  of 
the  fingers  and  toes  has  not  been  removed;  as  is  the  case  with  the 
ludian  fakirs.  In  this  state  of  developement,  they  bend  over  the 
tips  of  the  fingers  and  toes,  and  impair  the  sense  of  touch,  whose 
free  enjoyment  is  preferable  to  any  advantages  which  savages  can 
derive  from  their  long  and  crooked  nails,  in  defending  themselves, 
or  in  attacking  animals,  or  tearing  to  pieces  those  which  they  have 
killed  in  hunting,  The  nails  are  quite  insensible,  and  the  reason 
that  so  much  pain  is  felt,  when  the  nails  run  into  the  flesh,  and 
that  the  operation  of  tearing  them  out,  whioh  is  sometimes  neces- 
tary,  is  so  painful,  is,  that  the  nerves,  over  which  the  nail  grows, 
are  more  or  less  injured  when  it  grow's  in  a  wrong  direction. 
The  pain  from  the  growing  of  the  nails  into  the  quick,  is  no  proof 
of  their  being  sentient,  any  more  than  the  growth  of  corns  proves  the 
sensibility  of  the  epidermis,  of  which  they  are  but  thickened  parts, 
become  hard  and  callous  by  pressure,  and  which,  confined  in 
tight  shofs,  press  painfully  on  the  nerves  below.  The  nail  itself 
may  acquire  a  considerable  degree  of  thickness;  I  have  seen  that 
of  the  great  toe  nearly  half  an  inch  thick.  The  use  of  the  nails  is 
fq  support  the  tips  of  the  fingers,  when  they  arc  applied  to 


310 


unyielding  substances ;  they  Likewise  concur  in  improving  tlic  me- 
chanism of  the  touch*. 

CXXXIII,  Of  the  hair  on  the  head  and  on  other  parts  of  the 
body.  These  parts  are  treated  of,  in  the  present  instance,  only 
in  consequence  of  their  connexion  with  the  <  pidennis  ;  as,  far  from 
improving  the  touch,  they  interfere  with  it,  or  at  least  render  it 
less  delicate. 

The  skin,  in  man,  is  more  bare  than  that  of  other  animals* 
it  is,  likewise,  least  covered  with  insensible  parts  that  might  blunt 
the  sense  of  touch.  In  almost  all  mammiferous  animals,  the 
whole  body  is  covered  with  hair,  only  a  small  part  of  the  human 
body  has  any  hair  on  it,  and  that  in  too  small  a  quantity,  and  of 
too  delicate  a  texture,  to  interfere  with  the  touch.  Some  men, 
however,  have  a  very  hairy  skin,  and  I  have  seen  several  who, 
■when  naked,  looked  as  if  covered  over  with  the  skin  of  an  animal, 
so  great  was  the  quantity  of  hair  over  the.  whole  body,  of  which  no 
part  was  bare,  but  a  small  portion  of  the  face,  the  palms  of  the 
hands  and  the  soles  of  the  feet.  This  extraordinary  growth  of 
hair,  is,  in  general,  a  sure  sign  of  vigour  and  strength.  In 
childhood,  there  is  no  hair  except  on  the  head,  the  rest  of  the 
body  is  covered  with  down.  Women  have  no  beard,  and  there  is 
in  them:,  a  smaller  quantity  of  hair  in  the  arm  pits  and  on  the  parts 
of  generation,  and  scarcely  any  on  the  limbs  and  trunk.  But  as 
though  the  matter  which  should  pro?ide  for  the  growth  of  the  hai^ 
■were  wholly  applied  to  the  hairy  scalp,  it  is  observed,  that  their 
hair  is  longer  and  in  greater  quantity. 


*  The  toe  nails  are  favourable  to  the  laying  (he  foot  to  the  surface  on  tvhicb 
the  body  issupported  ;  they,  likewise,  improve  the  sense  of  touch  in  this  part. 
The  use  of  the  feet  is  not  merely  to  support  the  weight  of  the  body,  they  are, 
also  intended  to  guide  us  in  feeling  for  the  plane  on  which  \re  are  to  rest  them, 
to  enable  us  to  judge  of  the  solidity,  of  the  temperature,  and  of  the  inequalities 
of  the  ground  on  which  we  tread.  They,  therefore,  required  rather  a  delicate 
sense  of  touch.  The  division  of  the  fore  part  of  the  foot,  into  several  distinct 
and  separate  parts,  serves  to  enable  us  to  stand  more  firmly,  and  facilitates  the 
action  of  walking.  I  have  seen  several  soldiers  who  lost,  from  severe  cold, 
the  extremities  of  their  feet,  in  crossing  the  Alps  w  hich  separate  France  from 
Italy.  Those  who  had  lost  only  their  toes,  did  not  walk  so  steadily,  and  fre- 
quently fell,  in  treading  on  uneven  ground.  Those  who  had  lost  one  half 
of  their  feet,  were  obliged  to  use  crutches. 
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The  colour  of  the  hair  varies  from  white  to  jet  black;  and,  ato 
will  be  mentioned,  hi  speaking  of  the  temperaments  and  of  the 
varieties  of  the  human  species,  this  difference  of  colour  is  a  test 
by  which  we  judge  of  those  varieties.  The  colour  of  the  hairs 
enables  us  to  judge  of  their  thickness:  Withof,  who,  with  a  truly 
German  patience,  was  at  the  pains  to  count  how  many  hairs  were 
contained  in  the  space  of  a  square  inch,  states,  in  his  dissertation 
on  the  human  hair,  that  there  are  five  hundred  and  seventy  two 
black  hairs,  six  hundred  and  eight  chesnut,  and  seven  hundred  and 
ninety  light  coloured,  so  that  the  diameter  of  a  hair,  which  is  be- 
tween the  three  and  seven  hundredth  part  of  an  inch,  is  least  in  light 
hair,  and  these  are  liner  the  lighter  their  shade.  It  is,  likewise, 
observed,  that  men  of  a  bilious  constitution,  with  dark  hair,  and 
inhabiting  warm  climates,  have  more  hair,  in  other  parts  of  the 
body,  and  that  it  is  coarser  and  more  greasy. 

In  whatever  part  of  the  body  hairs  may  grow,  they  are,  every 
where,  of  the  same  structure,  they  all  arise  from  a  vesicular  bulb 
in  the  adipose  cellular  tissue;  from  this  bulb  containing  a  gelatu 
nous  lymph,  on  which  the  hair  seems  to  be  nourished,  the  latter, 
at  first  divided  into  two  or  three  filaments  which  constitute  a  kind 
of  root,  comes  out  in  a  single  trunk,  passes  through  the  skin  and 
epidermis,  receiving  from  the  latter  a  sheath  that  covers  it  to  its  ex- 
tremity, which  terminates  in  a  point. 

A  hair  may,  therefore,  be  considered  as  an  epidermoid  tube 
filled  with  a  peculiar  kind  of  marrow.  This  spungy  stem,  which 
forms  the  centre  of  a  hair,  is  a  more  essential  part  of  it,  than  the 
sheath  supplied  by  the  epidermis.  Along  this  spungy  and  cellular 
filament,  the  animal  oil  of  the  hair  and  the  juices  on  which  it  is  re- 
paired flow.  Though  we  see,  in  some  animals,  vascular  branches 
and  very  small  nervous  filaments  directed  towards  the  root  of  cer- 
tain kinds  of  hair,  and  lost  in  it,  as  is  the  case  with  the  long  and 
stiff  whiskers  of  some  of  the  quadrupeds,  it.  is  impossible  to  say, 
whether  in  man,  the  hair  or  its  bulbs  receives  vessels  and  nerves* 
Is  the  human  hair  nourished  by  the  imbibition  of  the  gelatinous  fluid 
contained  in  its  bulb,  or  is  it  nourished  on  the  fat  in  which  the 
latter  is  imbedded?  Are  vessels  distributed  along  their  axis,  from 
the  root  to  the  extremity  ?  In  favour  of  this  opinion,  it  was  usual 
to  mention  the  bleeding  from  the  hair  when  cut,  in  the  disease 
called  plica  polonica.  But  this  disease,  lately  observed  in  Po- 
land, by  the  French  physician?,  appeared  to  them  a  mere  entan- 
gling of  hair,  in  consequence  of  the  fillh  of  the  Poles  and  of  their 
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habit  of  keeping  their  head  constantly  covered  with  a  woollert 
cap.  The  hairy  scalp  remains  perfectly  sound  beneath  the  en- 
tangled hair,  and  the  only  way  to  cure  the  complaint  is  to  cut  off 
the  hair.  Fourcroy*  thinks  that  each  hair  has  several  short 
branches  that  stand  off  from  it,  which,  according  to  the  explana- 
tion given  by  Monge,  favour  the  matting  of  the  hairs  that 
are  to  be  converted  into  tissues,  by  the  process  called  felting. 

CXXX1V.  Among  the  most  remarkable  qualities  of  the  hair 
one  may  take  notice  of  the  manner  in  which  it  is  a  flee  ted  by  damp 
air,  which,  by  relaxing  its  substance,  increases  its  length.  It  is 
on  that  account,  that  hairsare  used  for  the  construction  of  the  best 
hygrometers.  Nor  must  we  omit  either  the  readiness  with  which 
they  grow  and  are  reproduced,  even  after  being  plucked  out  by 
the  robots,  as  I  have  often  seen  after  the  cure  of  tinea  by  a  painful 
method  :  nor  their  insulating  property,  with  respect  to  the  electric 
fluid,  of  which  they  are  very  bad  conductors;  a  remarkable  pro- 
perty, viewed  with  reference  to  the  conjectured  nature  of  the  ner- 
tous  fluid. 

The  hairs  possess  no  power  of  spontaneous  motion  by  which 
they  can  rise  on  the  head,  when  the  soul  shudders  with  horror  or 
fear:  but  they  do  bristle  at  those  times,  by  the  contraction  of 
the  occipito-frontales,which,intimately  adhering  to  the  hairy  scalp, 
carries  it  along  in  all  its  motions. 

They  appear  totally  without  sensibility:  nevertheless,  the  pas- 
sions have  over  them  such  influence,  that  the  heads  of  young  peo- 
ple have  turned  white  the  night  before  execution.  The  Revolution, 
•which  produced,  in  abundance,  the  extremes  of  human  suffering, 
furnished  many  authentic  instances  of  persons  that  grew  hoary,  iu 
the  space  of  a  few  days,  Iu  this  premature  hoariness,  is  the  hair 
dried  up,  as  in  old  people,  when  it  seems  to  die  for  want  of  mois* 
ture  and  its  natural  juices  ? 

The  following  fact  seems  to  shew,  that  they  are  the  excretory 
organ  of  some  principle,  the  retention  of  which  might  be  of  very  in- 
jurious consequence.  A  chartreux  who,  every  month,  had  his  head 
shaved,  according  to  the  rule  of  his  order,  quitting  it  at  its  de- 
struction, went  into  the  army,  and  let  his  hair  grow.  After  a 
few  months  he  was  attacked  with  excruciating  head  aches,  which 
nothing  relieved.    At  last,  some  one  advised  him  to  resume  his  old 

*  Systems  des  connoissances  chimiquts,  tome  IX.  page  263. 
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habit,  and  to  have  his  head  frequently  shaved  :  the  head  aches  wont 

'  » -osjn  ijiupoc  <■>*.'.  1  *  i  j  1 1! i [  'j 1 1  1 1 jfi  .9iti|n 

otl',  and  never  returneil. 

YYe  know,  says  Grrimautf*,  that  there  are  nervous  head  acnes, 

'     -    .  msv.-iiX        uoj.m  nnyio  Itjia-qa-j  -nil 

which  give  way  to  frequent  cropping  the  hair: — -when  it  is  kept 


patient  shaved  :  Casimir  IMe-iicus  cured  obstinate  gonorrhea,  "qy 
{he  frequent  shaving  of  the  parts  of  generation.         "•  L 

The  hairs  partake  of  the  inalterability,  the  almost  indestructibi- 
lity of  the  epidermis.  ^  Like  it,  they  burn  with  a  fizzing,  and'  give 
out,  in  abundance,  a  feticl  ammoniacal  oil.    The  ashe's,'that  remain 


from  burning  them,  coutain  much  phosphate  of  lime.  1  The  Horns* 
of  mammifera1,  the  feathers  of  b.irds,  give  out  the  same  smell  hi 
burning,  and  yield  the  same  products  as.'the  hair  on  the  head  ai.tf 

other  parts:  which  has  led  to  the  saying  that  these  last' 'were  a' 

:•"!;  'H  .  ■  •  aff*«jail  mJn  3  ISfy  .  [fail  9riJ  .  ools.m&ia 

sort  ot   horny  substance  drawn  out  like  wire.     Acids,  but 

especially  alkalies,  dissolve  them  :  accordingly,  all  nations  that  cut 

the  beard,  fuse  soften  it,  by  rubbing  it  with  alkaline  and  soapy 

solutions.    .'  .    "  "'  '  ""  '    '  "."       y    •     .  '    '  i,iH 

Is  the  use  of  the  hair  to  evacuate  the  superabundant  nutritious 
matter/  The  epoch  of  puberty  and  of  the  termination  of  growth, 
is  that  in  which  it  first  springs,  in  many  parts  of  the  body,  which' 
were  before  without  it.  They  are,  at  the  same  time,-  the  emiinc- 
to.rj  by  which  nature  gets  rid  of  the  phosphate  of  liriie>  which'  is' 
the  residue  of  the  work  of  nutrition.  The  hairs  of  quadrupeds, 
w  hose  urine  abounds  less  in  phosphoric  salts  than  that  of  man,  secrrt 
especially  to  fulftl  this  destination.  '.The  hairs  have  some  analogy 
with  tlie  fat,  which  has  not  yet  been  ascertained.  They  are  often 
Sound  accidentally  developed  in  the  fatty  tumours  known  under 
the  name  of  steatomas.  Finally,  they  have  uses  relative  to  the 
parts  on  which  they  grow.  :'J;I 

CXXXV.  The  faculty  of  taking  cognizance  of  tangible! 
qualities,  belongs  to  a(l  parts  of  the  cutaneous  organ.  We 
have  only  to  apply  a  substance  to  any  part  of  the  surface  of  our 
body,  to  acquire  the  idea  of  its  temperature,  of  its  dryness  of 
moisture,  of  its  weight,  its  consistence  and  even  its  particular 


*  Second  Memoir  on  yu/ritwn,  p.  '19. 

1       S:d\bui  ei  Cd.trt's,  cpist  S,  No.  7. 
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figure.  But  no  part  is  better  fitted  to  acquire  exact  notion*,  on  all 
these  properties,  than  the  hand,  which  has  ever  been  considered  as 
the  especial  organ  of  toiich.  The  great  number  of  bones  that 
form  its  structure,  make  it  susceptible  of  very  various  motion,  by' 
•which  it  changes  its  form,  adapts  itself  to  the  inequalities  of  the 
surfaces  of  bodies,  and  exactly  embraces,  them  :  this  apt  conforma- 
tion |  is  particularly  manifest  at  the  extremities  of  the  fingers. 
Thtli -anterior-part, which  is  endued  with  the  most  delicate  feeling, 
receives,  from  the  median  and.  cubital  nerves,  branches  of  some  size, 
which  end  in  rounded  extremities,  close,  and  surrounded  wilh  a 
cellular  tissue.  The  part  of  the  fingers,  which  is  called  their 
pulp,,  is  supported  by  the  nails;  vessels  in  great  number  are  spread 
through  this  nervo-cellular  tissue,  and  moisten  it  with  abundant 
juices,  that  keep  up  its  suppleness.  When  perspiration  is  in- 
creased, it  breaks  out,  in  small  drops,  over  this  extremity  of  the 
fiiigers,along  the  hollow  of  the  concentric  lines  with  which  the  epi- 
dermis is  furrowed. 

It  has  been  attempted' to  explain  the  pleasure  we  feel  in  toncb. 
ing  rounded  and  smooth  surfaces,  by  shew iug  that  the  reciprocal 
configuration  of  the  hand  and  of  the  body  to  which  it  is  applied,  is 
such,  that  they  touch  in  the  greatest  number  of  points  possible. 
The  delicacy  of  the  touch  is  kept  up  by  the  fineness  of  theepidenni-  ; 
it  increases  by  education,  which  has  more  power  over  this  sense 
than  over  any  of  the  others.  It  is  known  with  what  eagerness  a 
child,  allowed  the  free  use  of  his  limbs,  stretches  his  little  hands  to 
all  the  objects  within  his  reach,  what  pleasure  he  seems  to  take  in 
touching  them,  in  all  their  parts,  and  running  over  all  their  sur- 
faces. Blind  men  have  been  known  to  distinguish,  by  touch,  the 
different  colo.urs,  and  even  their  different  shades.  As  the  diffe- 
rence of  colour  depends  on  the  disposition,  the  arrangement,  and 
number  of  the  little  inequalities,  which  roughen  the  surface  of  bo- 
dies that  appear  the  most  polished,  and  fit  them  to  reflect  such,  or 
such  a  ray  of  light,  absorbing  all  the  others,  one  does  not  refuse  to 
to  believe  facts  of  this  kind,  related  by  Boyle,  and  other  Natural 
Philosophers. 

Some  parts  appear  endowed  with  a  peculiar  touch  ;  such  are  the 
lips,  whose  tissue  swells,  and  spreads  out  under  a  voluptuous  con- 
tact; a  vital  turgescence,  explicable  without  the  supposition  of  a 
spungy  tissue  in  their  structure : — such  are  those  organs  w  hich 
Buffon  considers  as  the  seat  of  a  sixth  seuse.  In  most  animals, 
the  lips,  and  especially  the  lower  one,  w  ithout  feathers,  scales,  or 
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Jiair,  are  the  organ  of  a  sort  of  touch,  imperfect  at  host.  When 
the  domestic  quadrupeds,  such  as  the  horse,  the  dog,  the  ox,  kc. 
want  to  judge  of  the  tangible  qualities  of  bodies,  you  will  sec 
thtm  apply  to  it  the  end  of  tin  ir  nose,  the  only  part  where  the  ex? 
tenia! covering  is  without  hair:  the  fleshy  appendages  of  certain 
birds,  and  many  fish,  the  antenna;  of  butterflies,  alw  ays  set  near 
<he  opening  of  the  mouth,  answer  the  same  purpose.    The  tail  of 
riie  beaver,  the  trunk  of  the  elephant,  are,  in  like  manner,  the 
parts  of  their  body  where  touch  is  most  delicate.    Observe  that 
the  perfection  of  the  organ  of  touch,  ensures  to  these  tw  o  animals 
a  degree  of  intelligence  allotted  to  no  other  quadruped,  and  be- 
comes perhaps  the  principle  of  their  sociability.    The  books  of 
travellers  and  naturalists  swarm  with  facts,  attesting  the  wonderful 
sagacity  of  the  elephant.    Some  Indian  Philosophers  have  gone 
the  length  of  allowing  him  an  immortal  soul.    If  birds,  notwith- 
standing the  prodigious  activity  of  their  life  of  nutrition,  are  yet 
of  such  confined  intelligence,  so  little  susceptible  of  durable  attach- 
ment, so  restive  to  education,  is  not  the  cause  to  be  assigned  in 
their  imperfection  of  touch?  In  vain  the  heart  sends  towards  all 
their  organs,  w  ith  more  force  and  velocity  than  in  any  other  ani- 
mal, a  warmer  blood,  and  endued,  more  remarkably,  with  all  the 
qualities  which  characterize  arterial  blood.    In  vain  is  their  di- 
gestion rapid,  their  muscular  power  lively,  and  capable  of  long 
continued  motion  ;  certain  of  their  senses,  as  those  of  sight  and 
hearing,  happily  disposed  ;  touch  being  almost  nothing  with  them, 
as  also  the  greater  number  of  impressions  belonging  to  this  sense, 
w  hich  informs  us  of  the  greater  part  of  the  properties  of  bodies  ; 
the  circle  of  their  ideas  must  be  extremely  narrow,  and  their  habits, 
and  manners,  much  more  remote  than  those  of  quadrupeds,  from 
the  habits  and  manners  of  man. 

CXXXVt.  Of  all  the  senses,  the  touch  is  the  most  generally 
diffused  among  animals.  AH  possess  it,  from  man,  who,  in  the 
perfection  of  this  sense,  excels  all  vertebral  animals,  to  the  polypus, 
who,  confined  to  the  sense  of  touch  only,  has  it,  in  such  delicacy, 
that  he  appears,  to  use  a  happy  expression  of  M.  Dumeril,  to  feel 
even  light.  The  skin  of  man  is  more  delicate,  fuller  of  nerves  than, 
that  of  the  other  mammifera? :  its  surface  is  covered  only  by  the 
epidermis;  insensible  indeed,  but  so  thin  that  it  does  not  intercept 
sensation,  whilstthe  hairs  which  cover  so  thickly  the  body  of  quad- 
rupeds, the  feathers  which  clothe  that  of  birds,  quite  deaden  it. 
The  hand  of  man,  that  admirable  instrument  of  his  intelligence,  of 
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wtych  the  structure  lias  appeared  to  some  pliiVosophpfs'*  (c  e'i- 
pbjjip  suffictenrlv  his  superiority  over  all  living  species ;  the  hard 
Of  man,  naked,  and  divided  into  many  moveable  parts,  capable  of 
'hanging,  every  moment,  its  form,  of  exactly  embracing  the  i-ur. 
face  of  bodies,  is  much  fit^r  for  ascertaining  their  tangible  r^ua, 
lities,  thj.n  Che  foot  of  the  quadruped,  enclosed  in  a  hornv  sub- 
stance, or  th  in  that  of  the  bird,  covered  with  scales  too  thick  not 
to  blunt  all  >><  asation. 

CXXXVli.  Of  the  nerves.  —  These  whitish  cords  which 
arise  from  the  base  of  the  brain,  and  from  the  medulla  oblongata, 
arc  distributed  to  all  parts  of  the  body  and  give  them,  at  once,  the 
power  of  moving  and  feeling.  In  this  analysts  of  the  functions 
of  the  nervous  system,  the  most  natural  order  is  to  consider  them 
merely  as  conductors  of  the  power  of  sensation.  We  sjiail  then 
see,  in  what  manner,  they  transmit  the  principle  of  motion  to  the 
organs  by  which  it  is  performed.  The  nerves  arise+,  from  all  sen- 
tient parts  by  extremities  that  are,  in  general,  soft  and  pulpy,  but 
not  alike  in  all,  in  consistence  and  form,  and  it  is  to  these  va- 
rie.ies  of  arrangement  and  structure,  that  the  varieties  of  sensation 
in  the  different  organs  are  to  be  referred. 

One  may  say  that  there  exists,  in  the  organs  of  sense,  a  certain 
relation,  between  the  softness  of  the  nervous  extremity,  and  the 
nature  of  the  bodies  which  produce  an  impression  upon  it.  Thus, 
the  almost  lluid  state  of  the  retina,  bears  an  evident  relation  to  the 
subtilty  of  light.  The  contact  of  this  fluid  could  not  produce  a 
sufficient  impression,  unless  the  sentient  part  were  capable  of 
being  set  in  motion  by  the  slightest  impression.  The  portio  mollis 
of  the  seventh  pair,  wholly  deprived  of  its  solid  covering,  and  re- 

*  Sep  the  work  of  Galen,  tfc  usu  pqrtium.  cap.  4,  5,  6,  and  RufTon,  Ilisloirc 
NatureUe,  torn.  IV  ci  V.  I'2mo. 

+  1  li  Considering  the  nerves  as  conductors  of  sensation,  it  is  correct  to  say, 
thai  they  arise  from  sentient  parts,  since  it  is  the  extremity  most  distant  from  die 
brain,  which  experience*  the  sensitive  impression,  that  is  propagated  to  the 
organ  itself,  along  the  course  of  the  nerve.  In  attending,  on  the  contrary,  to  the 
phenomena  of  motion,  the  nerves  are  considered  to  arise  from  the  brain,  for,  it 

from  the  centre  lo  the  circumference,  th;it  the  principle  of  motion  is  trans- 
mitted to  the  muscles  called,  by  (  ullen,  muring  extremities  of  the  nerves. 
Some  anatomists  have  considered  it  as  a  doubtful  point,  whether  the  uorves  arise 
from  (he  br  in  and  spinal  marrow,  or  whether  these  parts  arc  formed  by  the 
Mffon  of  the  nerves, 
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dnot  d  to  ifs  medullary  pulp,  readily  partakes  in  the  sonorous  mo'. 
tions  transmitted  to  it  by  the  ftuit},'vn  tlie  midst  of 1  which  its  fila- 
ments are  immersed*.  The  nerves  of  shu  11  and  of  taste  arc  more 
exposed,  than  the  nervous  papilla?  of  the  skin  employed  in  re- 
ceiving the  impressions  produced  by  the  coarser  properties  of 

*jti*io>v,  .  .  .-•../  liezp-'  ••/■■Js\  i  .JiraraB  ten  oj  iioraocoa  ({isaifa 
bodies,  <.vc. 

IVom  (heir  origin,  the  nerves  ascend  towards 'the  medulla 
oblongata  and  the  spinal  marrow,  in  a  line  nearly  straight,  and 
seldom  tortuous,  as  most  of  the  vessels.  When  they  have  reached 
these  parts,  they  terminate  in  them,  and  are  lost,  in  their  substance, 
as  w  ill  be  mentioned,  in  speaking  of  the  siructure  of  these  nervous 
Cords.  '  ''    °  <  '' '         "'  '""  'U 

"  CXXXV1IF.  Every  nerve  is  formed  of  a  great  number  of  fila- 
ments, extremely  delicate,  and  which  have  two  extremjlies,  the 
one  in  the  brain  and  the  other  from  the  part  into  which  they  ter- 
minate, or  from  which  they  originate.  Each  of  "these  nervous 
fibres,  however  minute,  is  composed  of  a  membranous  lube  which 
is  a  production  of  the  pia  mater.  Within  the  pariefes  of  this  tube, 
there  are  distributed  innumerable  vessels  of  extreme  minuteness : 'it 
is  611ed  within,  with  a  w  hitish  marrow,  a  kind  of  pulp,  which  Reil 
states  he  insulated  from  the  small  canal  containing  it,  by  concre- 
ting it,  by  means  of  the  nitric  acid,  which  dissolves  the  membra- 
nous sheath,  and  leaves  uncovered  (he  medullary  pulp  forming  the 
essential  part  or  basis  of  the  nervous  filameut.  This  same  physiolo- 
gist discovered,  by  a  different  process,  the  iuternal  structure  of 
each  nervous  fibi  illa;  he  dissolved  the  whitish  or  pulpy  part,  by  a 
long  continued  solution  in  an  alkaline  ley,  and  he  succeeded  thus 
in  separating  it  from  the  membranous  tube  which  inclosed  it  and 
■which  was  emptied.  The  membranous  sheath  is  of  cellular  struc- 
ture and  is  remarkable  only  by  its  cousistence  and  by  the  very  con- 
siderable number  of  vessels  of  all  kinds  that  are  distributed  to  its 
parietes:  it  ceases  to  cover  the  nerves,  near  their  two  extremities 
and  protects  them,  only  along  their  course. 

Each  nervous  fibre,  thus  formed  of  two  very  distinct  parts,  joins 
other  fibres  of  a  perfectly  similar  structure,  to  form  a  nervous  fila- 
ment enveloped  in  a  common  sheath  of  cellular  tissue.  These 
filaments,  by  their  union,  form  small  ramifications,  and  these  prc- 
;rr  ively  larger  branches,  and  lastly,  trunks  wrapped  in  a  com- 
mon covering  of  cellular  tissue;  then  other  envelopes  to  each  fasci- 
culus of  filaments,  and  lastly,  a  sheath  to  each  individual  filament. 
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When  nervous  cords  arc  of  a  certain  size,  veins  and  artcnes  of  a 

,■>  r.-  •    iiT  7     ••  .•   nrrj  ,  i :',  -  :•;  Vict;:''  '.'it  -  Tv  riTM'j/r 

pretty  considerable  caliber,  may  be  seen  to  insinuate  themselves 
between  the  bundles  of  fibres  of  which  they  are  composed;  these 
vessels  then  divide,  after  penetrating  among  them,  and  furnish  the 
capillary  ramilications  which  are  distributed  to  the  parietes  of  the 
sheath  common  to  each  filament.  These  small  vessels,  according 
to  lleil,  allow  the  nervous  substance  to  exhale  into  each  membra- 
nous tube;  this,  likewise,  becomes  the  secretory  organ  of  the  inc. 
dulla  with  which  it  is  filled. 

CXXXLX.  The  nervous  filaments  unite,  or  are  separated  from 
one  another,  bat  do  not  run  into  each,  other.  The  divisions  of  the 
nerves  are  different  from  those  of  the  arteries,  and  their  mode  of 
junction  does  not  admit  of  being  compared  to  that  of  the  veins. 
It  is,  in  the  first  instance,  a  mere  separation ;  in  the  second,  an  ap- 
proximation of  filaments  which  had  been  separated,  and  which, 
though  united  in  common  sheaths,  have,  nevertheless,  each  a  pro- 
per covering,  are  merely  in  juxtaposition  and  perfectly  distinct. 
If  that  were  not  the  case,  one  could  not  say,  that  each  fibre  has 
one  extremity  in  the  brain,  and  the  other  in  some  one  point  of  the. 
body,  nor  could  one  conceive  how  the  impressions  which  several 
sentient  extremities  receive  at  ODce,  reach  the  brain  without  run- 
ning into  each  other;  nor,  in  what  manner,  the  principle  of 
motion  could  be  directed  towards  a  single  muscle  receiving 
its  nerves  from  the  same  trunk  as  the  other  muscles  of  the 
limb. 

In  general,  the  nerves  divide  from  each  other  and  unite  at  an 
angle  more  or  less  acute,  and  equally  favourable  to  the  circulation 
of  a  fluid,  from  the  circumference  to  the  centre,  and  from  the 
centre  to  the  circumference. 

The  structure  of  the  nerves  is  different  according  to  their  situa- 
tion. Thus,  the  medullary  fibres  of  the  optic  nerve,  are  not  fur- 
nished with  membranous  coverings,  the  pia  mater  alone  furnishing 
a  sheath  to  the  cord  formed  by  the  union  of  these  filaments ;  the 
dura  mater  adds  a  second  coat  to  it,  on  its  leaving  the  skull.  This 
coat,  belonging,  likewise,  to  the  whole  nerve,  is  not  continued 
over  it,  after  it  has  entered  the  eye  ball,  and  is  lost  in  the  sclero- 
tica. A  minute  artery  passes  through  the  centreof  the  optic  nerve 
and  then  dividing,  forms  a  rcte  mirabile  which  supports  the  medul- 
lary pulp  of  the  retina.  The  nerves  which  pass  along  osseous 
canals,  as  the  Vidian  nerve  of  the  fifth  pair,  are  not  provided 
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with  a  cellular  covering,  and  their  consistence  is  always 
greater  than  that  of  the  nerves'  which  are  surrounded  by  soft 
parts.'  •it!»  ,n,:'  w     '         '  :  i    (  .• 

CXL.    tfh  reaching  the  brain,  the  medulla  oblongata,  or  the 
spinal  marrow,  every  nervous  tilament,  as  was  already  mentioned, 
parts  with  its  membranous  covering-  which  is  lost,  in  the  pia  mater, 
or  immediate  covering  of  these  central  parts  of  the  brain.  '  The' 
medullary  or  white  part  of  the  brain  is  continued  into  their' sub-: 
stance,  whiek  may  be  co'ris^ideied  as  principally  formed  by  the  as- 
semblage of  these  nervous  extremities  which  it  is  difficult  to  distin- 
guish in  its  tissue,  from  its  want  of  consistence.    It  has  long  been 
known, that  the  origin  oT  the  nerves  is  riot  the  spot  at' which  they 
are  detached  from  the  brain,  that ^tey  sink  into  the  substance  of 
this  viscus,  in  which  their  fibre's  cross'each  other,  so  that  those  or*' 
the  right  pass  to  the  left,  and  vice  versa..  Soemmering  thought,  that 
the  roots  of  the  nerves,  especially  6'f  the  nerves  of  the  organs-  of 
sense,  reached  to  the  prominences  in  the1  parietes  of  the  v<>ntricles: 
of  the  brain,  and  that  their  furthest  extremity  was  moistened  by 
the  --erositv  which'ke'eps  these' itiWiVd  surfaces  in  contact,    it  has/ 
likewise.'  long  been  thought,  that  the  cerebral  extremities1  oftXtuk 
nerves  all  joined  in  a  fixed  point  of  the  brain,  and  that  to  this; 
central  point,  all  sensations  were  carried,  and  that  frorh'it,  all  the 
determinations  producing  voluntary  motion  arose.    But  the  in- 
quiries of  Gall  on  the  structure  of  the  brain  and  nervous  s;  r"m> 
have  completely  overset  these  various  hypothesis. 

The  spinal  marrow  and  the  nerves',  in  the  different  animals  fur- 
nished with  them,  are  larger  in  proportion  to  the  brain,  according 
as  the  animal  is  more  distant  from  man  in  the  scale  of  animation. 
In  carnivorous  animals,  the  prodigious  developement  of  the  mus- 
cles required  nerves  of  motion  of  a  proportionate  size;  hence,  in 
them,  the  cerebral  mass,  compared  to  the  nerves  and  spinal  marrow, 
is  very  inconsiderable.  It  is  observed,  that  there  exists  the  same 
relation,  in  men  of  an  athletic  disposition ;  the  whole  nervous- 
power  seems  employed  in  moving  their  large  muscles,  and  the 
nerves,  though  very  small,  in  proportion  to  the  rest  of  the  body, 
are,  however,  very  large,  if  compared  to  the  cerebral  organ.  In 
children,  in  women,  and  in  individuals  possessed  of  much  sen- 
sibility, the  nerves  are  very  large,  in  proportion  to  the  other 
parts  of  the  body,  they  decrease  in  size  and  shrink,  in  persons 
advanced  in  years;  the  cellular  tissue  which  surrounds  them,  be- 
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comes  more  consistent,  adheres  to  .them  more,  closely,  and  theje, 
exists  ,  a  certain  analogy  between  the  nerves  of  old  mui,  en- 
veloped by  that  yellowish  tissue,  which  makes  their  dissection 
laborious,  and  the  branches  of  an  old  tree  covered  over  by  a  de- 
structive moss. 

As  tin;  uses  of  the  nerves  cannot  be  explained. indepondantly  pf 
those  of  the  .brain,  I  shall!  now  go  on  to  consider  this  important 
YjsCUS,    ,      ,  ,*  ;>0(J  v\  n\mn...[',-\  «.,,. 

CXLF.  ^wt^^fiiji^,^\l^0.jlf^  het^e^'tiiat  one 

may  judge  pf  the  importance  9  fan  prgan,  by  the  care  which  S'a- 
tjure  has  taken  to  protect  it  from  external  injury,  no  organ  will 
appear  of  greater  importance  than.t,he  brain,  for,  no  one  appears 
to  have  been  protected  with  greater  care.  The  substance  of  tins 
viscus  has  so  little  consistence,  t.hat.thc  slightest  injury  would  hav,e 
altered  its  structure,  and  deranged  its  action;  hence  it  is  power- 
fully guarded,  by  several  envelopes!,  the  moat,  solid  of  which,  is  the 
bonv  case,  in  which  it  is  contained.      ,  .. 

•  *•        "  '    1  .....  .  I  in.  ni   rTV,'   .flifiJmjT  Of!  J  of  JjOf. 

■  No  part  of  anatomy  is  better  understood,,  than  that  of  the  many 
bones  which,  by  their  union,  form  the  different  parts  of  the  human 
head.  Every  thing  that  relates  to  the  place  t)uy  occupy,  to  their 
respective  size,  to  their  projections  and  depressions,  to  the  cavi- 
ties whose  parietes  they  form,  everything  that  relates  to  their  in- 
ternal structure,  to  the  dilFerent.  proportions  of  their  component 
parts,  to  the  aggregation  of  some  of  these  substances,  in  certain 
points  of  their  extent,  has  beep  described  by  several  modern  ana- 
tomists, with  an  accuracy  which  it  would  not  be  easy  to  surpass." 
Several,  however,  have  not  sufficiently  appreciated  the  direct  in- 
fluence of  their  mode  of  action  on  the  functions  which  they  are  des- 
lined  to  fulli I  ;  no  one  has  insisted  sufficiently  on  the  manner  in 
which  they  all  concur  to  a  principal  object;  the  preservation  of 
the  organs  enclosed  within  the  skull. 

Jlunauld,  in  a  memoir  inserted  among  those  of  the  Academy  of 
Sciences,  for  the  year  1730,  was  the  fust  that  endeavoured  to  ac- 
count for  the  arrangement  of  the  articulating  surfaces  of  the  bones 
of  the  skull.  After  laying  down  a  few  principles  on  the  theory  of 
arches,  and  after  shewing,  tliiit  (.1 1  lit- rcn cc  Oi 
concave  and  convex  surfaces,  rendercd  .it  necessary  that  the  parts 
of  which  they  are.  formed,  should  be  shaped  obliquely,  he  explains 
the  advantages  of  the  scpumous  articulation  between  the  temporal 
and  parietal  bones. 


When  tin- arch  of  the  cranium  is  loaded  with  a  very  heavy  bur- 
then, the  temporal  bones  prevent  the  pmietals  on  which  the  effort 
is  immediately  applied,  from  being  forced  inwardly,  or  from  being 
separated  outwardly.  Hunauld  very  aptly  compares  them  to  but- 
tresses which  are  to  the  parietal  bones  of  the  same  use  as  walls  to 
the  arches  which  they  support. 

Bordeu*  endeavoured  to  apply  to  the  bones  of  the  face,  the 
principles  by  which  Hunauld  had  been  guided  in  his  investigation 
with  regard  to  those  of  the  skull.  According  to  Cordeu,  the 
greater  part  of  the  bones  of  the  upper  jaw,  but  particularly  the  su- 
perior maxillary  bones,  resist  the  eifort  of  the  lower  jaw,  which, 
bv  acting  on  the  upper  dental  arch,  has  a  perpetual  tendency  to 
force  upward,  or  to  separate  outwardly,  the  bones  in  which  the 
teeth  of  that  jaw  are  inserted.  As  the  greatest  stress  of  the  effort 
determines  them  upward,  it  is,  likewise,  in  that  direction,  that  the 
bones  of  the  upper  jaw  rest  most  powerfully  on  those  of  the  skull. 
The  author  concludes  this  very  ingenious  memoir,  by  proposing  to 
physiologists,  the  solution  of  the  following  problem,  "  When  a 

man  supports  a  great  weight  on  his  head,  aud  holds  at  the  same 
(i  time  any  thing  very  firmly  between  his  teeth,  which  is  the  bone 
"  of  the  head  that  is  most  acted  upon ;  which  supports  the  weight 
"  of  the  whole  machine  ?" 

The  body  of  the  sphenoid,  and  especially  its  posterior  half% ap- 
pears to  me  to  be  the  central  point  on  which  the  united  efforts  of 
the  bones  of  the  skull  and  of  the  face  act,  in  the  case  supposed  by 
Bordeu. 

The  sphenoid  is  connected  with  all  the  other  bones  of  the 
skull;  it  is  immediately  connected  with  several  of  the  bones  of  the 
face,  as  with  the  malar  bones,  with  the  palatine  bones,  with  the 
vomer,  and,  sometimes,  with  the  superior  maxillary  bones.  These 
bones  of  the  face,  in  the  case  in  question,  alone  support  the  lower 
jaw  against  the  upper.  The  ethmoid  bone,  the  ossa  unguis,  and 
the  inferior  turbinated  bones  are  thin  and  frail,  and  serve  merely 
to  form  the  nasal  fossa?,  of  which  they  increase  the  windings,  and 
do  not  deserve  to  be  attended  to  in  this  investigation.  The  vo. 
tner  may,  it  is  true,  communicate  to  the  ethmoid,  in  an  inferior  de- 
gree, a  part  of  the  effort;  for,  the  anterior  part  of  its  upper  edge 
is  articulated  with  the  perpendicular  lamella  of  that  bone;  but 
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this  quantity  is  very  small,  as  the  vomer  is  thin  and  transmits  it, 
almost  wholly,  to  the.  body  of  the  sphenoid,  with  the  lower  face  of 
which  it  is  articulated. 

The  effort  exerted  on  the  bones  of  the  upper  jaw,  is  transmitted, 
by  means  of  the  nasal  processes  of  the  upper  maxillary  bones, 
by  the  orbitar  and  zygomatic  processes  of  the  malar  bones, 
and  by  the  upper  edge  of  the  palate  bones  and  of  the  vomer, 
to  the  frontul,  to  the  temporal,  and  sphenoidal  bones. 

If  we  wish  to  determine  what  becomes  of  the  greater  part  of  the 
effort  transmitted  to  the  frontal  bone  by  the  maxillary  and  malar 
bones,  we  may  observe,  in  the  first  place,  that  it  is  articulated  with 
the  sphenoid  bone,  by  the  whole  of  its  lower  edge  which  ishevelled 
at  its  inner  part,  so  that  it  is  covered  by  the  alne  minores  of  the  os 
sphenoides,  which  is  shaped  obliquely  at  the  outer  part  of  the 
bone.  The  frontal  bone  is  articulated,  besides,  with  the  lateral 
and  inferior  parts  of  its  upper  edge.  The  remainder  of  this  upper 
part  is  united  to  the  anterior  edge  of  the  parietal  bones,  which,  by 
means  of  a  slope,  in  a  different  direction,  rest  on  the  middle  part 
<.f  this  edge,  while  the  frontal  bone  is  applied  to  them  late- 
rally. 

This  bone,  which  the  effort  tends  to  force  upward  and  backward, 
cannot  yield  to  this  double  impulse,  for,  on  the  one  hand,  its  mode 
of  articulation  with  the  anterior  edge  of  the  ala?  minors  of  the 
sphenoidal  bone,  and  the  internal  part  of  the  anterior  edge  of  the 
parietal  bones,  resist  this  tendency  upward,  while  the  resistance 
from  the  latter,  prevents  them  from  being  forced  backward.  That 
share  of  the  effort  which  affects  the  parietal  bones,  follows  the 
curved  line  described  by  these  bones,  and  extends  along  that 
formed  by  the  occipital,  and  thus  reaches  the  posterior  face  of  the 
body  of  the  sphenoid  bone. 

The  portion  directly  transmitted  to  the  anterior  and  inferior 
face  of  this  bone,  by  the  ossa  palati  and  by  the  vomer,  is  inconsi- 
derable, and  proportioned  to  their  thinness.  The  anterior  half 
of  the  body  of  the  sphenoid  bone,  hollowed  by  the  sphenoidal 
sinus,  would  have  been  incapable  of  supporting  greater  pressure. 
Lastly,  the  situation  of  the  body,  placed  between  the  dentut 
arches,  in  front  of  the  place  occupied  by  the  ossa  palati,  explains, 
why  this  transmission  is  chieily  effected  by  the  upper  maxillary 
bones. 

The  above  is  the  manner  in  which  the  effort  exerted  from 
below  upward,  by  the  lower  on  the  upper  jaw,  is  carried  to  th« 
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anterior,  posterior,  and  inferior  faces  of  the  body  of  the  sphenoid 
bono. 

The  temporal  bones  which  are  affected  by  it,  in  a  very  slight 
degree,  by  means  of  the  zygomatic  processes  of  the  malar  bones, sup- 
port the  greater  weight  of  the  effort  acting  from  above  downward, 
or  from  the  arch  of  the  skult  towards  its  base.  The  weight  laid 
on  the  head,  tends  to  depress  or  to  separate  the  parietal  bones, 
which  resist  the  pressure,  in  consequence  of  the  support  afforded 
them  by  the  temporals.  These  transmit  the  effort  to  the  lateral 
and  posterior  parts  of  the  body  of  the  sphenoid,  by  means  of  the 
alu  majorcs  of  that  bone,  which  are  articulated,  along  the  whole 
rxtent  of  their  external  edge,  and  alo  ig  the  posterior  fourth  of 
their  internal  edge,  with  the  temporals.  Besides,  the  upper  extre- 
mity of  the  ala?  majores  is  sloped,  on  the  innerpart  of  the  bone, 
that  it  may  be  articulated  with  the  anterior  and  inferior  angles  of 
the  parietal  bones,  and  answer  the  same  purpose  to  them  as  the 
squamous  portion  of  the  temporals. 

The  lateral  and  posterior  parts  of  the  body  of  the  sphenoid 
support,  therefore,  almost  the  whole  effort  of  the  pressure  applied 
to  the  parietal  bones.  Is  is  communicated  to  them  by  the  alec 
majores,  which  receive  it  themselves,  either  directly  at  the  ante- 
rior and  inferior  angles  of  this  bone,  or  through  the  medium  of 
the  temporals.  The  small  portion  of  the  effort  transmitted  by  the 
latter  to  the  occipital,  follows  the  curved  line  of  this  bone  and  is 
felt  on  the  posterior  face  of  the  body  of  the  sphenoid. 

To  the  effort  resulting  from  the  pressure  exerted  by  the  body 
on  the  summit  of  the  head,  one  should  add  that  occasioned  by  the 
contraction  of  the  muscles  which  elevate  the  lower  jaw.  These 
tend  to  depress  the  temporal,  the  malar  and  sphenoid  bones, 
and  in  this  action,  they  employ  a  power  equal  to  that  by 
which  they  raise  the  lower  jaw,  and  press  it  firmly  against  the 

Upper'  •   ■'  :     I©  '.iffl' 

The  effort  exerted  from  the  arch  to  the  base  of  the  skull  depends, 

therefore,  on  two  very  different  causes  ;  the  portion  resulting  from 

the  action  of  the  elevators  of  ihe  lower  jaw,  is  equal  to  the  effort 

exerted  from  below  upward,  by  this  bone.    After  what  has  been 

stated,  it  woald  be  useless  to  say  any  thing  further  of  the  manner  in 

which  the  effort  is  transmitted  :  we  may  merely  observe,  that  the 

least  powerful  of   these  muscles,  the  infernal  pterygoid,  tends 

to  draw  the  sphenoid  downward,  and  prevents  this  bone,  fixed 

like  a  wedge  with  its  base'  turned  upward,  from  being  disen- 
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gaged  by  the  effort  applied  to  it,  by  the  bones  between  which  it  is 
situated. 

Tin- posterior,  anterior,  inferior  and  lateral  faces  of  the  sphe- 
noid bone,  support,  therefore,  the  whole  effort  of  the  bones  of  the 
skull  and  face,  on  one  another,  when  the  top  of  the  head  being 
loaded  with  a  heavy  burthen,  one  presses,  at  the  same  time,  some- 
thing very  firmly  between  the  dental  arches. 

The  anterior. part  of  the  body  of  the  bone,  containing  the  sphe- 
noidal sinus,  is  thin  and  very  frail;  the  posterior  part,  correspon- 
ding to  the  sella  turcica,  is  alone  capable  of  resisting  the  effort 
■which,  I  be,lieve,it  is  destined  to  sustain*;  hence,  it  is  at  this  point, 
that  ossification  begins,  a.td  this  confirms  the  observation  of  Kef 
kringius,  that  the  spot  at  whic  h  bones  begin  to  ossyfy,  is  that  on 
■which  they  have  to  bear  the  greatest  effort :  hence  the  alae  majores, 
by  means  of  which  the  greatest  part  of  the  efforts  which  theboilyof 
the  sphenoid  has  to  support,  arise  from  the  lateral  parts  of  its  poste- 
rior half,  by  an  origin  of  considerable  size,  and  which  is  further  in«, 
creased  by  the  base  of  the  pterygoid  processes  which  arise  from  its 
lower  part. 

I  have,  in  this  enquiry,  purposely  avoided  mentioning  the  sup. 
port  which  the  head  receives  from  the  vertebral  column  and  which, 
in  the  case  under  consideration,  is  of  use  merely  in  preventing  it 
from  yielding  to  the  law  of  gravitation.  If  the  bones  of  the  skull 
and  of  the  face  had  pressed,  during  the  effoit  which  they  sustain, 
on  the  circumference  of  the  foramen  magnum ;  this  aperture 
would  have  b>  en  incapable  of  increasing  its  dimensions,  and  this 
would  have  been  attended  with  the  most  serious  inconveniences. 

The  name  given  by  the  ancients  to  the  bonewhoseprincipal  use  has 
just  been  explained,  is  composed  of  sphenos,  which  means  a  wedge, 
and  eidos,  which  signifies  resemblance,  and  would  lead  one  to  think, 
that  they  were  not  ignorant  of  its  uses.  From  its  situation,  at  the 
middle  and  inferior  part  of  the  skull,  and  from  its  various  con- 

*  The  sphenoidal  sinus  is  prolonged,  it  is  true,  into  this  posterior  part  of  tlie 
body  of  the  bone,  in  person3  considerably  advanced  in  years;  but  the  parirtrs 
of  this  portion  of  its  cavity  are  of  considerable  thickness.  The  anterior  part 
of  the  basilary  process  of  the  occipital  bone,  is  I  hen  firmly  united  to  the  sphe- 
noid and  may  be  considered  as  forming  a  part  of  that  bone,  from  which  it 
cannot  be  detac'.ied.  The  cranium  of  anold  man,  in  this  respect,  resembles 
that  of  several  quadrupeds,  in  which  the  union  of  the  sphenoid  to  the  occipital 
bone  takes  place  so  early,  that  these  two  bpnes  might  well  be  considered  as 
forming  but  one. 
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nexions  with  the  bones  which  form  this  osseous  case,  it  is  to  them 
of  the  same  use  as  the  key  stone  of  arches,  with  regard  to  the  diffe- 
rent parts  of  which  they  are  formed.  The  numerous  connexion* 
required  for  this  purpose,  account  for  its  strange  and  irregular 
form  and  for  the  different  shapes  of  its  articular  surfaces  and  the 
great  number  of  its  projections, which  render  the  demonstration  of 
this  bone  so  complicated,  and  a  knowledge  of  it  so  difficult. 

It  is  more  advantageous,  with  regard  to  the  brain,  that  the  skull 
should  be  formed  of  several  bones,  than  if  it  had  consisted  of  a 
single  bone.  It  resists,  more  effectually,  the  blows  it  receives, 
their  effect  being  lessened,  in  passing  from  one  bone  to  the  other, 
and  being  interrupted,  in  the  obscure  motions  which  they  may  ex- 
perience at  their  sutures;  its  rounded  form  increases,  likewise,  its 
power  of  resistance.  This  force  would  be  equal,  in  every  pointof  the 
parietes  of  the  cranium,  if  the  form  of  thatcavity  were  completely 
spherical,  and  if  the  thickness  of  its  parietes  w  ere,  in  every  part  of 
it,  the  same.  In  that  case,  no  fractures  by  contre  coup  could  occur, 
a  kind  of  lesion  occasioned  by  the  unequal  resistance  of  the  bones 
of  the  head, to  the  force  applied  to  their  surface.  The  pericranium, 
the  hairy  scalp,  the  muscles  Which  cover  it,  and  the  great  quantity 
of  hair  on  its  surface,  serve,  besides,  to  defend  the  brain,  and  are 
well  calculated  to  break  the  force  of  blows  applied  to  the 
cranium. 

In  addition  to  this  hard  and  unyielding  case,  there  lies  over  the 
brain,  a  treble  membranous  covering,  formed  by  the  dura  mater, 
which  owes  its  name  to  the  erroneous  opinion  according  to  which 
it  was  supposed  to  form  all  the  other  membranes  of  the  body;  it  is 
further  covered  by  the  tunica  arachnoidea,  so  called  from  the  ex- 
treme minuteness  of  its  tissue,  and  by  the  pia  mater  which  adheres 
firmly  to  the  substance  of  the  brain. 

The  dura  mater  lines,  not  only  the  inside  of  the  skull  and 
ef  the  vertebral  canal,  which  may  be  considered  as  a  pro- 
longation of  it,  but,  likewise,  penetrates  between  the  diffe- 
rent parts  of  the  cerebral  mass,  supports  them  in  the  different 
positions  of  the  head,  and  prevents  mutual  compression.  Thus, 
the  greatest  of  its  folds,  the  falx,  stretched  between  the 
crysta  galli  of  the  ethmoid  bone,  and  the  inner  protuberance 
of  the  occipital  bone,  prevents  the  two  hemispheres  of  the  brain, 
between  which  it  lies,  from  compressing  each  other,  when  the 
lrody  is  on  the  side,  and  maintains;  on  the  other  hand,  the  tcnto. 
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vium  cerebelli  in  (he  state  of  tension  necessary  to  enable  it  to  sup. 
port  the  weight  of  the  posterior  lobes  of  the  brain.  This  fold  of 
<lura  maler  is  of  a  semi-circular  form,  separutes  the  portion  of  the 
skull  which  contains  the  brain,  from  that  in  which  the  cerebellum 
is  situated.  It  is  kept  in  a  state  of  tension  by  thefalx  cerebri,  on 
■which  it  also  exerts  the  same  ar.tion  :  itdoes  not  present  an  horizon* 
tal  plane  to  the  portion  of  brain  -which  lies  upon  it,  but  one  that 
slop;>s,  in  every  direction,  towards  the  parietes  of  the  skull, to  which 
it  transmits  most  of  the  weight  which  it  has  to  support.  The  ten- 
torium cerebelii,  which  thus  divides  the  internal  cavity  of  the  skull 
into  two  parts  of  unequal  dimensions,  is  bony  in  some  animals  that 
move  by  bounding  and  with  rapid  action  ;  this  is  the  case  with  the 
cat,  which  can,  without  being  stunned,  take  leaps  from  a  consider- 
able height.  By  means  of  this  complete  partition,  the  two  por- 
tions of  the  brain  are  prevented  from  pressing  en  each  other,  in  the 
Tiolent  concussions  which  they  experience. 

The  tunica  arachnoides,  according  to  Bonn*,  who  was  tho-t 
roughly  acquainted  with  its  structure  and  who  has  given  a  very 
beautiful  plate  of  "it,  is  the  secretory  organ  of  the  serum  which 
moistens  the  internal  surface  of  the  dura  mater,  a  fibrous  raemi 
brane  w  hich  serves  as  a  periosteum  to  the  bones  it  lines. 

CXLII.  Of  the  size  of  the  brain.  Of  all  animals,  man  has 
the  most  capacious  skull,  in  proportion  to  his  face,  and,  as  the 
bulk  of  the  brain  is  always  of  a  size  proportioned  to  that  of  the 
osseous  case  which  contains  it,  the  brain  is  also  most  bulky  in  man. 
This  difference  of  size  between  the  cranium  and  face,  may  be  taken 
as  the  measure  of  the  human  understanding  and  of  the  instinct  of 
the  lower  animals;  the  stupidity  and  ferocity  of  the  latter  are 
groater,  according  as  the  proportions  of  these  two  parts  of  their 
skull,  vary  from  those  of  the  human  head. 

To  express  this  difference  of  size,  Camper  imagined  a  vertical 
line,  drawn  from  the  forehead  to  the  chin,  and  perpendicular 
to  another  drawn  in  the  direction  of  the  base  of  the  skull.  He  has 
called  the  first  of  these  Vines  facial,  the  second,  palatine  or  mental. 
It  is. easy  to  undrrstand,  that,  as  the  p: ejection  of  the  forehead  is 
determined  by  the  size  of  the  skull,  the  larger  it  is,  the  more  the 
angle  at  w  hich  the  facial  line  meets  that  from  the  base  of  the  skull 
must  be  obtuse.    In  a  well  formed  European  head,  the  facial  line 

*  Dusertalio  de  continualionibus  membranarum,  4°  Li'gdun.  Bat.  I 
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meets  the  palatine  at  an  angle  nearly  straight  (of  between  80 
and  90  degrees).  When  the  angle  is  quite  straight,  and  the 
line  which  measures  the  height  of  the  face  is  completely  vertical, 
the  head  is  of  the  most  beautiful  form  possible,  it  approaches  most 
to  that  conventional  degree  of  perfection  which  is  termed  ideal 
beauty.  If  the  facial  line  slopes  backward,  it  forms  with  the  palaT 
tine  line,  an  angle  more  or  less  acute,  and  projecting  forward,  the 
inclination  increases,  and  the  sinus  of  the  angle  is  shorter;  if,  from 
man,  we  pass  to  monkeys,  then  to  quadrupeds,  to  birds,  rep- 
tiles, and  fishes,  we  find  this  line  slope  more  and  more,  And,  at  last, 
become  almost  parallel  to  the  mental,  as  in  reptiles  and  in  fishes, 
with  flat  heads.  If,  on  the  contrary,  we  ascend  from  man  to  the 
Gods,  whose  images  have  been  transmitted  to  us  by  the  ancients, 
we  find  the  facial  line  to  incline  in  a  different  direction,  the  angle 
then  enlarges  and  becomes  more  or  less  obtuse.  From  this  inclina- 
tion forward  of  the  facial  line,  there  results  an  air  of  grandeur  and 
majesty,  a  projecting  forehead,  indicating  a  voluminous  brain  and 
a  divine  intellect. 

To  obtain,  with  precision,  by  this  means,  the  respective  dimen- 
sions of  the  skull  and  face,  one  must  measure,  not  only  the  outside, 
but,  likewise,  draw  the  tangents  on  the  internal  surfaces,  after  di- 
viding the  head  vertically.  There  are,  in  fact,  animals,  in  which 
the  sinuses  of  the  frontal  bone  are  so  large,  that  a  considerable 
portion  of  the  parietes  of  the  skull  is  protruded  by  their  cells. 
Thus,  in  the  dog,  in  the  elephant,  in  the  owl,  &c.  the  apparent 
size  of  the  skull  exceeds  much  its  real  capacity.  „ 

The  relative  size  of  the  head,  and  consequently  the  proportionate 
bulk  of  the  brain  is  inconsiderable,  in  very  tall  and  muscular  sub- 
jects; this  fact  will  be  confirmed  by  observing  the  proportions  of 
antique  statues.  In  all  those  which  represent  heroes  or  athlets 
gifted  with  a  prodigious  bodily  power,  the  head  is  very  small,  in 
proportion  to  the  rest  of  the  body.  In  the  statues  of  Hercules, 
the  head  scarcely  equals  in  size  the  top  of  the  shoulder.  The 
statues  alone  of  the  King  of  the  Gods,  present  the  singular  combi- 
nation of  an  enormous  head,  resting  on  limbs  of  a  proportionate 
»ize,  but  the  Greek  artists- have  transgressed  the  laws  of  Nature, 
only  in  favour  of  the  God  that  rules  over  her,  as  if  a  vast  brain 
had  been  necessary  to  one  whose  intellect  carries  him,  at  a  glance, 
over  the  whole  uuiverse.  The  relative  small  dimensions  of  the 
head,  in  uthlets,  depend  on  this  circumstance,  that  in  such  men, 
the  excessive  devclopement  of  the  organs  of  motion,  gives  to  lh« 
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Body,  and  especially  to  the  limbs,  an  enormous  size,  while  the 
head  covered  by  few  muscles,  remains  very  small.  Soemmering  has 
stated,  that  the  head  injwomen  is  larger  than  in  men,  and  that  their 
brain  is  heavier;  but  it  must  be  recollected,  that  this  great  anato- 
mist obtained  this  result,  by  examining  two  bodies,  male,  and  fe- 
male, of  the  same  length.  Now,  the  absolute  size  being  the  same, 
the  proportionate  magnitude  was  not  so,  and  be  was  wrong  in  Com- 
paring the  head,  the  skull,  and  brain  of  a  very  tall  woman,  to  that 
of  a  very  short  man. 

It  has  long  been  thought,  that  there  exists  a  connexion  between 
the  bulk  of  the  cerebral  mass  and  the  energy  of  the  intellectual 
faculties.  It  has  been  thought,  that,  in  general,  men  whose  mind 
is  most  capacious,  whose  genius  is  most  capable  of  bold  concep- 
tions, had  a  large  head  supported  on  a  short  neck.  The  exceptions 
to  this  general  rule  have  been  so  numerous,  that  many  have 
doubted  its  truth  ;  should  it  then  be  absolutely  rejected,  and  will  it 
be  allowed  to  be  wholly  without  foundation,  when  we  consider 
that  man,  the  only  rational  being  out  of  so  great  a  number,  and 
some  of  which  bear  to  him  a  considerable  resemblance  both  of  or- 
ganization and  structure,  is,  likewise,  the  only  animal  in  which  the 
brain,  properly  so  called,  is  largest  in  proportion  to  the  cerebellum, 
to  the  -  spinal  marrow,  to  the  nerves  and  to  the  other  parts  of  the 
body  ?  Why  may  it  not  be  with  the  brain,  as  with  the  other  organs, 
which  fulfil  their  functions  the  better,  from  being  more  completely 
developed  ?  It  should  be  recollected,  in  this  comparison  of  the 
brain  and  of  the  intellectual  powers,  that  several  causes  may  give 
to  this  viscus  an  unnatural  degree  of  enlargement.  Thus,  in  sub- 
jects of  a  leucophlegmatic  temperament,  the  tardy  ossification  of 
the  bones  of  the  skull,  causes  the  brain,  gorged  with  aqueous 
fluids,  to  acquire  a  cousiderablesize, without  itscontaiuing  a  greater 
quantity  of  real  medullary  substance.  Hence  it  is  observed,  that 
men  of  this  temperament  are,  most  frequently,  unfit  for  mental 
exertion,  and  rarely  succeed  in  undertakings  that  require  activity 
and  perseverance*. 

CXLIII.  Structure,  of  the  cerebral  mass.  What  we  know  of 
the  brain, serves  only  to  shew  us  that  wc  are  ignorant  of  much  more. 
All  that  we  know  of  it  consists  of  notions  tolerably  exact  of  its 

*  See,  in  (he  article  on  Temperaments,  an  account  of  the  influence  of  (lie  phy- 
sical organization  on  the  moral  dispofition  and  on  the  intellectual  faculties. 
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external  Conformation,  Its  colour,  its  density,  anil  of  the  different 
substances  that  enter  into  its  composition;  but  the  knowledge  of 
its  intimate  structure  is  yet  a  mystery,  which  will  not  be  so  soon 
unveiled  to  us.  The  braiu,  properly  called,  is  divided  by  a  longi- 
tudinal farrow, -into  two  lobes  of  equal  bulk.  Gunzius,  how- 
Bveh  imagined  that  he  found  the  right  lobe,  or  hemisphere,  a  little 
large*  than  the  left;  but  even  were  this  fact  as  certain  as  it  is  doubt- 
ful, we  could  not  thereby  explain  the  predominant  force  of  the 
right  side  of  the  body,  since  the  nerves  which  are  distributed 
to  this  side,  rise  from  the  left  lobe  of  the  brain,  in  the  substance 
of  which  all  the  roots  of  these  cords  cross.  This  fact  of  the  cros- 
sing of  the  nerves,  at  their  origin,  is  proved  by  a  multitude  of  pa- 
thological observations,  in  which  the  injury  of  a  lobe  i3  alway  s 
found  to  bring  on  paralysis,  convulsion,  or  any  other  symptomatic 
affection,  on  the  opposite  side  of  the  body.  Unless  you  chuse 
to  explain  this  phenomenon  by  admitting  a  necessary  equilibrium 
in  the  action  of  the  two  lobes;  an  equilibrium,  the  disturbance  of 
which  is  the  occasion  that  the  sound  lobe,  acting  with  more  force, 
compresses  the  origin  of  the  nerves  on  its  side,  and  determines 
paralysis.  Might  the  want  of  judgment,  the  unevenness  of  hu- 
mour aud  character,  depend  on  the  want  of  harmony  between 
the  two  corresponding  halves  of  the  cerebral  mass  ? 

In  order  to  disclose,  better  than  had  before  been  done,  the 
structure  of  the  brain,  M.  Gall  begins  his  dissection  at  the  lower 
part,  examining,  in  the  first  place,  the  anterior  part  of  the  prolon- 
gation, known  under  the  name  of  cauda  of  the  medulla  oblongata, 
he  finds  the  two  pyramidal  eminences.  If  you  part  the  two  edges 
of  the  median  line,  below  the  furrow  which  separates  the  two 
pyramids,  you  see  distinctly  the  crossing  of  three  or  four  cords  or 
fasciculi  of  nerves,  which,  consisting  of  many  filament0,  tend  ob- 
liquely from  right  to  left,  and  vice  versa.  This  crossing  of  ner- 
vous fibres,  which  is  not  found  in  any  other  part  of  the  brain,  had 
been  observed  by  several  anatomists.  It  is  not  known  how  it 
came  to  be  forgotten,  so  that  the  most  exact  and  the  latest  among 
them,  Jioyer,  for  instance,  say  that  the  crossing  of  the  nerves 
cannot  be  proved  by  anatomy.  These  nervous  cords,  traced  up- 
wards, enlarge,  strengthen,  and  forming  pyramidal  eminences, 
a-cend  towards  the  tuber  annulare.  Having  reached  this  ganglion, 
the  fibres  strike  into  it,  and  arc  lost  in  a  mass  of  pulpy  or  greyish 
substance,  of  the  same  nature  as  that,which,  under  the  name  of  cor- 
tical substance,  covers  the  two  lobes  of  the  brain.    This  greyish 
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pulp,  distributed  in  various  parts,  may  be  considered,  agieeabfy 
to  the  views.of  M.  Gall,  who  calls  it  tliB  matiix  of  the  nenes,  as 
the  source  from  which  the  medullary  fibres  take  their  origin. 
Thestt  ascending  fibres  cro«s  other  transverse  fibres,  which,  on 
either  side,  piocecd  from  (he  crura  of  the  cerebellum:  enlarged 
and  niultipliid  by  means  of  their  passage  through  the  grey  iub- 
stance  which  is  found  in  the  tuber  annulare  ;  they  rise  from  it,  at 
its  upper  part,  in  two  fasciculi  which  compose  nearly  the  whole 
of  the  crura  cerebri.    The  interior  of  these  crura,  contains  a  cer- 
tain quantity  of  grey  substance,  which  is  what  nourishes  the  ner- 
tous  fibre.  •  On  reaching  the  ventricles,  these  peduncles,  or  rather 
the  two  fasciculi  of  fibres  which  form  them,  meet  with  large  gang- 
lions full  of  grey  substance  ;  they  have  long  been  called  thalami 
optici,  though  they  do  not  ghe  origin  to  the  optic  nerves.  There 
the  fibres  are  sensibly  enlarged  ;  and  they  pass  from  the  thalami 
optici  into  new  ganglions.    These  are  the  corpora  striata,  and  the 
stria)  w  hich  are  apparent  on  cutting  these  pyriform  masses  of 
grey  sub.-.tance,  are  only  the  same  fibres,  which,  enlarged,  multi- 
plied, and  radiating,  spread  out  in  the  manner  of  a  fan,  towards 
the  lobes  of  th*  brain,  where,  after  forming  by  their  expansion  a 
■whitish  and  fibrous  substance,  they  terminate  at  the  outer  part  of 
that  viscus,  forming  its  convolutions  all  covered  with  the  substance 
in  which  aro  terminated,  in  like  manner,  the  extremities  of  the  di- 
verging fibres.    From  this  grey  subslance,  proceed  converging 
fibres,  tending  from  all  parts  of  the  periphery  to  the  centre  of  the 
brain,  where  they  unite  (o  form  the  different  commissures,  the 
corpus  callosum,  and  other  productions,  destined  to  facilitate  the 
communication  of  the  two  hemispheres. 

The  exterior  of  thebrain  may,  therefore,  be  considered  as  a  vast 
nervous  membrane,  formed  by  the  grey  subslance.  To  form  a 
due  conception  of  its  extent,  it  must  be  understood,  that  the  convo- 
lutions of  the  brain,  are  a  sort  of  duplicatures,  susceptible  of  ex- 
tension by  the  unfolding  of  two  conliguous  medullary  lamina*, 
which  form  its  base.  The  exterior  surface  of  the  brain,  by  means 
of  this  unfolding,  offers  then  some  relation  to  the  skin,  a  vast  ner- 
vous expause  every  where 'covered  by  a  sort  of  pulpy  substance, 
known  by  the  name  of  the  rete  mucosuin  of  Malpighi.  M.  Gall 
compares  this  cutaneous  pulp,  to  the  cineritious  substance  which 
forms  the  outer  part  of  the  brain,  and,  I  must  confess,  it  is  not 
every  one  that  will  admit  the  analogy.  However,  true  it  is,  that 
the  brain  consists,  principally,  of  a  mass  of  ganglions,  that  it  pro- 
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ilncos  neither  ttrt  elongatt  cl  medulla,  nor  (lie  spinal  marrow,  that 
this  Ifcst  m  iv  be  considered  as  a  series  of  ganglions, united  together, 
thit  the  vertebral  nerves  arise  from  the  greyish  pulp  of  which  the 
spinal  marrow  is  full,  as  is  ffl  st  seen  in  animuls  without  a  -  brain, 
but  not  the  less  provided  with  a  spinal  marrow,  or  series  of-  gang- 
lions, from  which  the  nerves  arise.  The  ganglions,  or  rather  the 
grey  substance  which  they  always  shew,  produce  the  nervous 
libres,  and  thicken  the  nervous  cords  that  pass  through  them. 

That  is  the  only  use  that  can  be  assigned  to  these  parts  of  the 
iipi-vous  system  ;  for,  if  they  were  meant  to  withdraw  from  the 
dominion  of  the  will,  the  parts  in  which  they  are  found,  why  do 
not  the  ganglions  of  the  vertebral  nerves  fulfil  the  same  function? 
All  these  nerves  communicate  by  reciprocal  anastomoses.  'These 
communications,  in  man,  are  equivalent  to  a  real  'continuity.'  In 
truth,  the  brain  acts  upon  the  nerves  that  proceed  from  the  spinal 
marrow,  as  if  this  were  one  of  its  productions,'  and  all  the  ner- 
tous  fibres,  spread  through  the  different  organs,  had  an  extremity 
terminating  in  this  viscus. 

One  thing  well  Avorthy  of  attention,  and  on  which  no  anatomist 
has  dwelt,  is  that  the  brain  of  the  foetus,  and  of  the  child  just  born', 
appears  to  consist,  almost  entirely,  of  a  cineritious  pulp,  to  such  a 
degree  that  the  medullary  substance  is  difficult  to  perceive  in  it. 
Would  it  be  absurd  to  believe,  that  the  medullary  part  of  PR? 
brain  does  not  take  its  perfect  organization  till  after  birth,  by  the 
developement  of  the  fasciculi  of  medullary  fibres,  in  (he  midst  of 
these  rr.assps  of  cineritious  substance,  w  hich  must  be  considered  as 
the  common  source  from  which  the  nerves  have. their  origin,  or,  to 
use  the  language  of  Gall,  as  the  uterus  which  gives  them  birth. 
The  almost  total  inactivity,  the  passive  state  of  the  brain  in  the 
fcefns,  makes  unnecessary  there  the  existence  of  the  medullary  ap- 
paratus, to  which  (he  most  important  operations  of  intelligence 
seem  entrusted.  Its  lirst  rudiments  are  found  in  the  foetus  at  its 
full  time.  That  fibro-medullary  apparatus  will  be  strengthened 
by  the  exercise  of  thought,  as  the  muscles  are  seen  to  en- 
large and  perfect  their  growth,  by  the  effect  of  muscular 
action. 

CXUV.  Circulation  of  the  bruin.  T  have  said  that  the 
blood,  In  its  circular  course,  dees  not  traverse  the  different  parts 
of  the  body  with  uniform  velocity:  that  there  are  partial  circula- 
tions'in  the  midst  of  the  general  circulation,    in  no  organ  are  the 
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laws,  to  which  this  function  is  subjected,  more  remarkably  modi. 

fied  than  in  the  brain.  There  is  none  winch  receives,  in  propoi- 
.tionto  its  bulk,  larger  arteries  and  more  in  number.    The  internal 

carotid  and  -vertebral  arteries,  as  we  may  satisfy  ourselves  from 
_the  calculations  of  Ilaller,  cany  thither  a  great  portion  of  the. 

whole  quautity  of  blood  that  Hows  along  the  aorta  ;  (from  a  thiid 

to  the  half). 

The  hiood  which  goes  to  the  brain,  said  Boerhaave,  is  more 
.aerated  than  that  which  is  distributed  to  the  other  parts;  the  ob- 
servation is  not  without  foundation.  Though  the  blood  which  the 
contractions  of  the  left  ventricle  send  into  the  vessels,  arising  from 
the  arch  of  the  aorta,  does  not  undergo,  at  the  place  of  this  qurva- 
,ture,  a  mechanical  separation  carrying  its  lighter  parts  tow  aids 
the  head;  it  is  not  less  true,  that  this  blood,  just  passing  fro.m  the 
contact  of  the  air  in  the  lungs,  possesses,  in  the  highest  degree, 
all  the  peculiar  qualities  of  arterial  blood.  So  great  a  quantity  of 
light,  red,  frothy  bluod,  impregnated  with  caloric  and  oxygen, 
coming  upon  the  brain,  M[ith  all  the  force  it  has  received  from  the 
.action  of  the  heart,  would  unavoidably  have  deranged  its  soft  and 
delicate  structure,  if  nature  had  not  multiplied  precautions  to 
weaken  its  impulse. 

The  fluid,  compelled  to  ascend  against  its  own  weight,  loses, 
from  that  alone,  a  part  of  its  motion.  The  vertical  column  must 
strike  against  the  angular  curvature,  which  the  internal  carotid 
takes  in  its  passage  alqng  the  osseous  canal  of  the  petrous  portion 
of  the  temporal  bone,  and  as  this  curvature,  supported  by  hard 
parts,  cannot  straighten  itself,  the  column  of  blood  is  violently 
broken  and  turned  out  of  its  first  direction,  with  considerable  losa 
.of  velocity. 

The  artery  immersed  in  the  blood  of  the  cavernous  sinus,  as  it 
comes  out  from  the  carotid  canal,  is  very  easily  dilated.  Finally, 
the  branches  into  which  it  parts,  on  reaching  the  base  of  the  brain, 
have  coats  exceedingly  thin,  and  so  weak  that  they  collapse,  when 
they  are  empty,  like  those  of  the  veius.  This  weakness  of  the 
cerebral  arteries,  explains  their  frequent  ruptures,  when  the 
heart  s.'iidsthe  blood  into  them  too  violently  ;  and  it  is  thus,  that 
the  most  part  of  sanguineous  apoplexies  are  occasioned,  many  of 
^vhich,  however,  take  effect  without  rupture,  and  by  the  mere 
transudation  of  blood  through  the  coats  of  the  arteiies.  These 
vessels,  lika  the  branches  arising  from  their  divisions,  arc  lodged  in 
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the  depressions  with  which  the  base  of  tho  brain  is  furrowed,  and 
do  not  enter  its  substance,  till  they  are  reduced  to  a  state  of  ex- 
treme tenuity,  by  the  further  divisions  they  undergo,  in  the  tissue 
of  the  pia  mater. 

Notwithstanding  the  proximity  of  the  brain  to  the  heart,  the 
blood  reaches  it,  then,  with  an  exceedingly  slackened  motion:  it 
returns,  on  the  contrary,  with  a  motion  progressively  accelerated. 
<The  position  of  the  veins  at  the  upper  part  of  the  brain,  between 
lis  convex  surface  and  the  hollow  of  the  skull,  causes  these  vessels, 
gently  compressed  by  the  alternate  motions  of  rising  and  falling 
of  the  cerebral  mass,  to  disgorge  their  contents  readily  into  the 
membranous  reservoirs  of  the  dura  mater,  known  by  the  name  of 
sinuses.  These,  all  communicating  together,  offer  to  this  fluid  a 
sufficiently  large  receptacle,  from  which  it  passes  into  the  great 
jugular  vein,  which  is  to  carry  it  again  into  the  general  course  of 
the  circulation.  Not  only  is  the  caliber  of  this  vein  considerable, 
but  its  coats  too,  of  little  thickness,  are  very  extensible;  so  much 
so  that  it  acquires,  by  injection,  a  caliber  superior  to  that  of  the 
vents  cava?.  The  flowing  of  the  blood  is  favoured  by  its  own 
weight,  which  makes  a  retrogade  course  very  difficult*. — Thus,  to 
sum  up  all  that  is  peculiar  in  the  cerebral  circulation,  the  brain  re- 
ceives, in  great  quantity,  a  blood  abounding  in  oxygen  ;  the  fluid 
finds,  in  its  course  thither,  many  obstacles  which  impede  and 
slacken  its  impulse,  whilst  all,  on  the  contrary,  favours  its  return 
and  prevents  venous  congestion,  r  Let  me  observe,  to  conclude 
w  hat  I  have  to  say  on  the  circulation  of  the  brain,  that  of  (he 
eye  is  nearly  allied  to  it,  since  the  opthalmic  artery  is  given  out 
by  the  internal  carotid,  and  the  opthalmic  vein  empties  itself  into 
the  cavernous  sinus  of  the  dura  mater.  Accordingly,  the  redness 
of  the  conjunctiva,  the  prominence,  the  brightness,  the  moistness 
of  the  eyes,  indicate  a  stronger  determination  of  the  blood  towards 
the  brain.    Thus  the  eyes  are  animated  at  the  approach  of  apo- 

*  In  preventing  (hi?  rcfiux,  there  is  no  n«c  of  valves,  which  the  jugular  vein 
i-  '  .tir.  ly  without.  It  is  sufficiently  prevented,  by  the  direction  in  which  the 
blood  flows,  and  the  extensibility  of  iti  coal?.  This  great  size  which 
the  vein  can  acquire,  would  have  made  useless  the  valvular  folds,  in- 
sufficient  to  stop  the  canal,  io  that  great  augmentation  of  its  dimen- 
sions. 

+  The  transverse  anaslomo.es  of  the  arteries,  at  the  base  of  the  brain,  arc 
»ery  proper  f  >r  distributing  the  blood,  in  equal  quantity,  to  all  parts  of  this 
»iicu-. 


334 


pVxy,  in  (he  transport  of  a  burning  fever,  during  d<  lirium,  a  dan- 
gerous symptom  of  malignant  or  ataxic  fevers.  On  this  con- 
nexion of  the1  vessels  of  the  eye  and  brain,  depends  (lie  lividify  of 
the  conjunctiva,  whose  veins,  injected  with  a  dark  coloured  blood, 
indicate  the  fulness  of  the  brain  in  the  generality  of  cases  of  suffo- 
cation. 

CXLV.  Of  the  connexion  between  the  action  of  the  brain  and 
that  oj  the.  heart.  It  is  possible,  as  was  done  by  Galen,  to  tie 
both  carotids,  in  a  living  animal,  without  his  a  preferring  sensibly 
atfected  by  it ;  but  if,  as  has  never  yet  been  done,  both  the  vertebral 
arteries  are  tied,  the  animal  drops  instantly  and  dies,  at  the  end  of 
a  few  seconds.  To  perform  this  experiment,  it  is  necessary,  after 
tying  the  carotid  arteries  of  a  dog,  to  remove  the  softpaits  which 
cover  the  side  of  the  neck,  then  with  needles,  bent  in  a  semi. circular 
form,  passed  into  the  flesh  along  the  sides  of  the  articulation  of  the 
cervical  vertebra;,  to  apply  ligatures  to  the  arteries  which  ascend 
along  their  transverse  processes.  The  same  effect,  viz.  the  speedy 
death  of  the  animal  is  produced  by  tying  the  ascending  aorta  iii 
an  herbivorous  quadruped. 

These  experiments,  which  have  been  repeated  a  number  of 
times,  decidedly  prove  the  necessity  of  the  action  of  the  heart  on 
the  brain,  in  preserving  life.  But  how  does  this  action  operah  ? 
Is  it  merely  mechanical  ?  Does  it  consist  solely  in  the  gentle 
pressure  which  the  arteries  of  the  brain  exert  on  the  substance 
of  this  viscus,  or  is  it  merely,  to  the  intercepted  arterial  blood 
which  the  contractions  of  the  heart  determine  towards  the 
brain,  that  death  is  to  be  attributed?  The  latter  opinion  seems  to 
uie  the  most  probable,  for,  if,  the  moment  the  vertebrals  have 
been  tied,  the  carotids  are  laid  open,  and  the  pipe  of  a  syiingo 
adapted  to  them,  and  any  fluid  whaterer  is  then  injected  with 
a  moderate  degree  of  force,  and  at  nearly  the  same  intervals 
as  those  of  the  circulation,  the  animal*  will  not  be  restored 
to  life. 

The  heart  and  brain  arp,  therefore,  ur.iteJ  to  each  othet  by  (he 
strictest  connexion,  the  continual  access  of  the  hlood  flowing  along 
the  arteries  of  the  head  is,  therefore,  absolutely  necessary  to  the 
preservation  of  life;  if  intercepted,  for  one  moment,  the  animal  is 
infallibly  destroyed. 

The  energy  of  the  brain  appears,  in  general,  to  bear  a  relation 
to  fhe  quantity  of  arterial  blood  which  it  receives.  I  know  a 
literary  man,  who,  in  the  ardour  of  composition,  exhibits  all  the 
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symptoms  of  a  kind  of  brain  fever.  His  face  becomes  red  and  ani- 
mated,  his  eyes  sparkling  ;  the  carotids  pulsate  violently;  the  jugular 
veins  are  swollen,  every  thing  indicates  that  the  blood  is  carried  to 
the  biaiu  with  an  impetus,  and  in  a  quantity  proportioned  toils 
decree  of  excitement.  It  is,  indeed,  only  during  this  kind  of 
•  •notion  of  the  cerebral  organ,  that  his  ideas  flow  without  effort, 
and  that  his  fruitful  imagination  traces,  at  pleasure,  the  most  btau- 
tii'ui  descriptions.  Nothing  is  so  favourable  to  this  condition  as 
remaining  loug  in  a  recumbent  posture;  in  this  horizontal  posture, 
the  determination  of  the  fluids  towards  the  head  is  the  more  easy, 
as  the  limbs,  which  are  perfectly  quiescent,  dp  not  divert  its 
course.  He  can  bring  on  this  state  by  fixing  his  attention  stead- 
fastly on  one  object.  May  not  the  brain,  which  is  the  seat  of  this 
intellectual  action,  be  considered  as  a  centre  of  fluxion  ;  and  may 
not  the  stimulus  of  the  mind  be  compared,  as  to  its  effects,  to  any 
other  stimulus,  chemical  or  mechanical  ? 

A  young  man  of  a  sanguineous  temperament,  subject  to  inflam. 
matory  fevers  which  always  terminate  by  a  profuse  bleeding  at  the 
nose,  experiences,  daring  the  febrile  paroxysms,  a  remarkable 
increase  of  his  intellectual  powers  and  of  the  activity  of  ids  imagi- 
nation. Authors  had  already  observed,  that  in  certain  febrile 
affections,  patients  of  very  ordinary  powers  of  mind,  would  some- 
times liseto  ideas  whicli,  in  a  state  of  health,  would  have  exceeded 
the  limits  of  their  conception.  May  we  not  adduce  these  facts  in 
opposition  to  the  theory  of  a  celebrated  physician,  who  considers  a 
diminution  of  the  energy  of  the  brain  to  be  the  essential  character 
of  fever  ? 

It  is  well  known  that  the  difference  of  the  length  of  the  neck,  and, 
consequently,  the  greater  or  lesser  degree  of  vicinity  of  the  heart 
and  brain,  give  a  tolerably  just  measure  of  (he  intellect  of  man, 
and  of  the  instinct  of  the  lower  animals;  the  disproportionate 
length  of  the  neck  has  ever  been  considered  as  the  emblem  of 
stupidity. 

In  the  actual  state  of  our  knowledge,  is  it  poss'ible  to  deter- 
mine in  what  manner  arterial  blood  acts  on  the  braiu?  Are  oxygen 
or  caloric,  of  which  it  is  the  vehicle,  separated  from  it  by  this  vi9- 
cus,  so  as  to  become  the  principle  of  sensation  and  emotion,  or 
dofhey  merely  preserve  it  in  the  degree  of  consistence  necessary 
to  th?.  exercise  of  its  functions  ?  What  is  to  b"  thought  of  the  opi- 
nion of  those  chemists  who  consider  the  brain,  as  a  mere  ulbumi- 
hjus  mass,  concreted  by  oxygen,  and  of  a  consistence  varying  in  dif- 
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ferent  persons,  according  to  the  age,  the  sex,  or  the  state  of  Itea.lt I; 
or  disease?  Any  answer  that  one  might  give  to  these  premature 
questions,  would  be  but  a  simple  conjecture  to  which  it  would  bo 
difficult  to  give  any  degree  of  probability. 

CXLVI.  Of  the  theory  of  syncope.  If  we  consider  the  action 
of  the  heart  on  the  brain,  we  are  naturally  led  to  admit  its  neces- 
sity to  the  maintenance  of  life,  and  to  deduce  from  its  momentarv 
suspension,  the  theory  of  syncope.  Several  authors  have  attempted 
to  explain  the  manner  in  which  their  proximate  cause  operate*, 
but  as  not  one  of  them  has  gone  upon  facts  ascertained  by 
experience,  their  explanations  do  not  at  all  agree  with  what  is 
learnt  from  observing  the  phenomena  of  these  diseases. 

To  satisfy  one  self,  that  the  momentary  cessatiou  of  the  action  of 
the  heart  on  the  brain,  is  the  immediate  cause  of  syncope,  one  need 
but  read,  with  attention,  the  chapter  which  Cullen,  in  his  work  on 
the  practice  of  physic,  has  devoted  to  the  consideration  of  this  kind 
of  affection.  It  will  be  readily  understood,  that  their  occasional 
causes,  the  varieties  of  which  determine  their  different  kinds,  exist 
in  the  heart  or  great  blood  vessels,  or  act  on  the  epigastric  centre, 
and  affect  the  brain  only  in  a  secondary  manner.  Thus  the  kinds 
of  syncope  occasioned  by  aneurismal  dilatations  of  the  heart  and 
great  vessels,  by  polypous  concretions  formed  in  these  passages, 
by  ossification  of  their  parietes  or  of  their  valves,  evidently  depend 
on  the  extreme  debility,  or  on  the  entire  cessation  of  the  action 
of  the  heart  and  arteries.  Their  parietes,  ossified,  dilated,  adhe- 
ring to  the  neighbouring  parts,  or  compressed  by  any  fluid  what- 
ever, no  longer  act  on  the  blood  with  sufficient  force,  or  else  this 
fluid  is  interrupted,  in  its  progress,  by  some  obstacle  within  its 
canal,  as  a  polypous  concretion,  an  ossified  and  immoveable 
valve,  Cullen,  very  justly,  termed  these,  idiopathic  or  cardiac 
syncopes. 

To  the  above  may  be  added  plethoric  syncope,  depending  on  a 
congestion  of  blood  in  the  cavities  of  the  heart:  the  contractions 
of  this  organ  become  more  frequent,  it  struggles  to  part  with  this 
excess  of  blood,  which  is  injurious  to  the  performance  of  its  func- 
tions; but  to  this  unusual  excitement  by  which  the  contractility  of 
its  fibres  is  exhausted,  there  succeeds  a  kind  of  paralysis  necessa- 
rily accompanied  by  syncope. 

One  may,  likewise,include  the  fainting  attending  copious  blood- 
letting; the  rapid  detraction  of  a  certain  quantity  of  the  vivifying 
principle,  deprives  the  heart  of  the  stimulus  necessary  to  keep  up 
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its  action.    The  same  effect  is  produced  by  drawing  ofl'  (he  water 
contained  in  the  abdomen,  in  ascites:  a  considei able  number  of 
vessels  cease  to  be  compressed;  the  blood  which  they  before  re- 
fused to  transmit,  is  sent  to  them  in  profufion;  the  quantity  sent 
to  the  brain  by  the  heart  is  lessened,  in  the  same  proportion,  and 
becomes  insufficient  for  its  excitement.    Among  the  syncopes, 
culled  idiopathic,  one  may  enumerate  those  occurring  in  the  last 
stage  of  the  scurvy,  the  principal  character  of  which  is,  an  exces- 
sive debility  of  the  muscles  employed  in  the  vital  functions,  and  iu 
voluntary  motion  ;  lastly,  we  may  add  asphyxia  from  strangula- 
tion, from  drowning,  and  from  the  gaes  unfit  for  respiration  ;  af- 
fections in  \t  Inch  tlie  blood  being  deprived  of  the  principle  which 
enables  it  to  determine  the  contractions  of  the  heart,  the  circula- 
tion becomes  interrupted.    If  the  blood  loses,  by  slow  degrees, 
its  stimulating  qualities,  the  action  of  the  heart  gradually  weakened, 
impels  towards  the  brain  a  blood  which,  by  its  qualities,  partakes 
of  the  nature  of  venous  blood,  and  which,  like  it,  cannot  preserve 
the  natural  economy  of  the  brain.    It  was  thought,  that  by  inject- 
ing a  few  bubbles  of  air  into  the  jugular  vein  of  a  dog,  one  might 
occasion,  in  the  animal,  immediate  syncope,  and  that  it  was  even 
sufficient  to  deprive  it  of  life;  but  the  late  experiments  of  M. 

> n  have  proved,  that  the  atmospherical  air  produces  these 
bad  effects,  only  when  injected  in  a  quantity  sufficient  to  distend, 
in  excess,  the  cavities  of  the  heart,  or  when  by  being  injected  into 
the  arteries,  it  compresses  the  brain.  When  injected  only  in  a 
small  quantity,  the  gas  dissolved  in  the  venous  blood,  is  conveyed 
along  with  it,  to  the  lungs,  and  is  thence  exhaled  in  respi  r  ition. 

A  second  class  of  occasional  causes  consists  of  those  which,  by 
acting  on  theepigastric  centre, determine,  by  sympathy , a  cessation 
of  the  pnlsations  of  the  heart  and  the  syncope  necessarily  attending 
this  cessation.  Such  are  the  violent  emotions  of  the  soul,  terror,  aa 
excess  of  joy,  an  irr.sistible  aversion  to  certain  kinds  of  food,  the 
dread  which  is  felt  on  the  unexpected  sight  of  an  object,  the  disa- 
greeable impression  occasioned  by  certain  odours,  &c.  In  all  these 
cases, there  is  felt,in  the  region  of  the  diaphragm  an  inward  sensation 
of  a  certain  degree  of  emotion.  From  the  solar  plexus  of  the  great 
sympathetic  nerve,  which,  according  to  the  general  opinion,  is  con- 
sidered as  the  seat  of  this  sensation,  its  effects  extend  to  the  other 
abdominal  and  thoracic  plexuses.    The  heart,  the  greater  part  of 
whose  nerves  arise  from  the  great  sympathetic,  is  particularly  af- 
fected by  this  sensation.    Its  action  is,  at  times,  merely  disturbed 
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by  it,  rind  at  others  wholly  suspended.  The  pulse  becomes  insen- 
sible, 4he  countenance  pair,  the  extremities  cold,  and  syncope 
ensues.  Tliis  is  the  course  of  things,  when  a  narcotic  or  poison- 
ous substance-  lias  been  taken  into  the  stomach;  when  tli'M 
viscus  is  much  debilitated,  in  consequence  of  long  fasting,  or  w hen 
it  contains  indigestible  substances;  in  colic,  and  in  hysterical 
affections. 

This  last  class  of  occasional  causes  do  not  act  direcllv,  and 
produce  syncope  only  at  a  distant  period  ;  but  the  result  is  always 
the  same.  It  happens,  in  all  these  cases/that  as  the  arteries  of  the 
head  no  longer  receive  as  much  blood,  as  in  health,  the  brain  falls 
into  a  kind  of  collapse  which  occasions  a  momentary  cessation 
of  the  intellectual  faculties,  of  the  vital  functions,  and  of  voluntary 
motion. 

Morgagni,  in  treating  of  diseases,  according  to  their  anatomical 
order,  ranks  lypothjmia  among  the  affections  of  the  chest,  because 
the  viscera  contained  in  that  cavity,  shew  marksof  organic  affection, 
in  persons  who,  during  life,  were  subject  to  frequent  fainting. 

The  compression  of  the  brain,  by  a  fluid  effused  on  the  dura 
mater,  in  wounds  of  the  head,  does  not  produce  real  syncope,  but 
ratberastate  of  stupor.  All  causes  acting,  in  this  manner,  on  the 
brain,  produce  comatose  and  even  apoplectic  affections.  When  a 
man,  on  being  exasperated,  falls  into  a  violent  and  sudden  fit  of 
passion,  his  face  becomes  flushed,  and  heis  affected  w  ith  vertigo  r  ud 
fainting.  There  is  no  loss  of  colour,  no  loss  of  pulse,  the  latter, 
on  the  contrary,  genei ally  beats  with  more  force.  This  is  not 
syncope,  but  the  firt  stage  of  apoplexy,  occasioned  by  theTnecha- 
nical  pressure  on  the  brain,  towards  widen  the  blood  is  carried  sud- 
denly and  in  too  great  a  quantity. 

I  might  support  this  theory  of  syncope,  by  additional  proofs 
drawn  from  the  circumstances  which  favour  the  action  of  the  causes 
giving  rise  to  affections  of  this  kind.  Tor  instance,  syncope 
comes  on,  almost  always,  when  we  are  in  an  erect  posture,  and  in 
such  a  case,  it  is  right  to  lay  the  patient  in  an  horizontal  pos- 
ture. Patients  debilitated  by  long  diseases,  faint  the  mo- 
ment they  attempt  to  Tise,  and  recover  on  returning  to  the  re- 
cumbent posture.  ?Jow,  how  are  we  to  explain  this  effect  of 
standing,  in  persons  in  whom  the  mass  of  humours  is  much  impo- 
verished, and  whose  organic  action  is  extremely  languid,  unless  by 
the  greater  difficulty  to  the  return  of  the  blood,  from  the  more  de- 
pending  parts,  and  on  the  difficulty  in  ascending,  of  that  which  the 


o.nructious  of  tho  \1c41t  scurf  to  wards  the  (hcad  •?  The  phenomena  of 
die  circulation,  are,  under  such  circuinstaiwes,  more  subject  to  the 
Jaws  ol' lml  ran  lies,  than  when  the  body  is  in  a  state  of  health  ;  the 
living  solid  yield*  mine  easjj y  10  the  laws  of  physics  and  mecha- 
nics, and,  according  to  the  sublime  idea  of  the  father  of  phy- 
sic,    oar  individual  nature  approac.ltos  lire  more  to  universal 

nature., Jinn  .noi'nirJt*  o )  jH»ibfcori&md>  nit  id  «rfj  lu  froi)sj •)•>)«> 

CXLV1L  Of  tin'  notions  uf  the  brain.  Are  the  alternate 
motions  of  elevation  and  depression  seen,  w  lien  the  brain  is  exposed, 
exclusively  isochronous  to  the  pulsations  of  the  heart  and  arteries, 
or  do  they  correspond,  at  the  samfetiiue,  to  those  of  respiration? 
Such  is  the  physiological  problem  of  which  1  am  afyqut  to  attempt 
the  solution.    .  0*f  m  IbncT.!: 

Those  authors  who  admit  the  exi*  fance ; t$, motions •  in  the  dura 
mater,  do  not  agree  as  to  tire  cause  which  produces  them.  Some, 
and  among  others,  Willis  and  Baglivi,  thought  they  had  discovered 
muscular  fibres,  and  ascribed  these-'  motions  to  jtjuejr  action  :  others, 
as  Tallopias  and  Bauhinus,  attributed, these  motions  ,^0  the  pulsa- 
tions of  the  arteries  of  that  membrane.  The  dura  rnajer  possesses 
no  contractile  power;  its  firm  adhesion  to  the  insidcof^he  skulj, 
would,  besides,  prevent  any  such  ino,M,on.  .  The  .  motion  observed 
in  this  membrane  is  Kot  occasioned  by  the  action  of  if>. vessels,  for, 
as  Lorry  observes,  the  arteries  of  the  stomach,,  of  the  irU.esiineSj 
and  of  the  bladder,  do  not  communicate  any  , motion  to  the 
parietesof  these  hollow  riscera,  and  yet,  in  number  .and  size,  they, 
at  least,  equal  the  menyngcaf  arteries.  ' 

The  motion  observed  in  the  dura  mater  is  communicated  to  it 
by  the  cerebral  mass  which  this  membrane  covers;  and  this  opinion 
of  Galen,  adopted  by  the  greater  number  of  anatomists,  has  been 
placed  beyond  a  doubt,  by  the  the  .experiments,  of  Schlitting, 
Laraure,  Haller  and  Vicq-d'Azyr.   They  hare  all  observed,  thatou 
removing  the  dura  mater,  the  brain  continued  to  rise  and  fall,  and 
with  the  exception  of  Schlitting,  they  agreed  that  the  brain,  abso- 
lutely, passive,  received  from  its  vessels,  the  motions  in  which  the 
dura  mater  partook:  but  are  these  motious  communicated  by  the 
arteries  or  by  the  cerebral  veins,  and  by  the  sinuses  in  which  fheso 
terminate,  0r,  in  other  words,  are  they  isochronous,  to  the  beats 
of  the  pulse,  or  to  the  contraction  and  successive  dilatation  of 
the  chest,  during  respiration. 

Galen,  in  his  treatise  on  this  function,  says,  that  the  air  ad* 
mitted  into  the  pulmonary  organ  distends  the  diaphragm,  and  in 
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conveyed,  along  the  Terfebval  canal,  info  the  skull.  According  to 
this  writer,  the  brain  rises  during  the  enlargement  of  the  chest, 
and  it  sinks,  on  the  contrary,  when  the  parietes  of  this  cavity  are 
brought  nearer  to  its  axis.  Schlitting,  in  a  memoir  presented  to 
the  Academy  of  Sciences,  towards  the  middle  of  the  last  century, 
maintains  that  these  motions  take  place,  in  a  different  order,  the. 
elevation  of  the  brain  corresponding  to  expiration,  and  its  depres- 
sion to  inspiration  Conceiving  that  he  has  determined  this  fact, 
by  a  sufficient  number  of  experiments,  he  does  not  enter  into  any 
explanation,  and  concludes  his  enquiry,  by  asking  whether  the  mo- 
tions of  the  brain  are  occasioned  by  the  afflux  of  air,  or  of  blood, 
towards  that  organ. 

Haller  and  Lamure  attempted  to  answer  this  difficulty.  They 
both  performed  ft  number  of  experiments  on  living  animals,  ac- 
knowledged'the  fact  observed  by  Schlitting,  and  explained  it  in  the 
following  manner:  As  well  as  this  last  anatomist,  Lamure  be- 
lieved that  there  is  a  vacuum  between  the  dura  and  pia  mater,  by 
means  of  Avhich,  the  motions  of  the  brain  might  always  be  per- 
formed. The  existence  of  such  a  vacuum  is  disproved  by  the  close 
contact  'of  4he  fnembranes  between  which  it  is  supposed  to  exist. 

During  expiration,  continues  Lamure,  the  parietes  of  the  chest 
close  on  themselves,  and  lessen  the  extent  of  this  cavity.  The 
lungs,  pressed  in  every  direction,  collapse;  the  curvature  of  their 
vessels  increa's'es^and  the  blood  (lows,  along  them,  with  difficulty. 
The  heart  and  great  vessels  thus  compressed,  the  blood  carried  by 
the  upper  vena  cava  to  the  right  auricle,  cannot  be  freely  poured 
into  this  cavity  w  hich  empties  itself,  with  difficulty,  into  the  right 
ventricle,  whose  blood  is  unable  to  penetrate  through  the  pulmo- 
nary tissue.-   On  the  other  hand,  as  the  lungs  compress  the  vena 
cava,  a  regurgitation  takes  place  of  the  blood  w  hich  it  was  con- 
veying to  the  heart;  forced  back  along  the  jugulars  and  vertcbrals, 
it  distends  these  vessels,  the  sinus  of  the  dura  mater  which  empty 
themselves  into  them,  and  the  veins  of  the  brain  which  terminate 
into  these  sinuses.    Their  distention  accounts  for  the  elevation  of 
the  cerebral  mass  soon  followed  by  depression,  when,  on  inspira- 
tion succeeding  expiration,  and  on  the  lungs  dilating,  the  blood 
which  fills  the  right  cavities  of  the  heart,  can  freely  penetrate  into 
the  pulmonary  substance,  and  make  way  for  that  which  the  vena 
cava  is  bringing  from  the  superior  parts  of  the  body. 
-     Haller  considered  this  reflux  as  very  dilVieulr,  the  blood  having 
to  rise  .against  its  own  gravity,  and  he  admitted  Lamure's  exptana. 
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tion,  only  in  tho  forcible  acts  of  respiration,  as  in  coughing,  laugh- 
ing, and  sneezing.  He  maintained  that,  in  a  state  of  health,  there 
is  to  be  observed,  during  expiration,  a  mere  stagnation!  of  the 
blood,  in  (he  vessels  which  bring  it-from  the  internal  parts  of  the 
skull.  Iiet'urther  admits,  on  the  testimony  of  a  great  number  of 
authors,  another  order  of  mo1 ions  depending  on  the  pulsations  of 
its  arteries  ;  so  that,  according  to  JIalier,  the  cerebral  mass  is  in- 
cessantly affected  by  motious,  some  df  which  depend  on  respira- 
tion, while  the  others  are  quite  independent  of  it. 

Lastly,  according  to  Vieqd'Azyr,  the  brain,  on  being  exposed, 
presents  a  double  motion,  or  rather  two  kinds  of  motion  from 
without ;  the  one  from  the  arteries  and-  which  is  least  remarkable, 
the  other  from  the  alternate  motions  of  respiration.  [ 

CXLVTil-  This  opposition  between  authors  of  reputation,  and 
whose  theories  have,  in  general,  been  adopted,  induced  me  to  repeat 
the  experiments  which  each  of  them  brings  in  support  of  his  own 
opinion,  and  to  perform  further  experiments  on  this  -subject.  My 
investigation  soon  convinced  me,  that  these  authors  had  given  a 
statement  of  their  opinions,  and  not  of  the  fact  itself.  In  fact,  the 
alternate  motions  of  elevation  and  depression  observed  in  the 
brain,  are  isochronous  to  the  systole  and  diastole  of  the  arteries  at 
its  base.  The  elevation  of  the  brain  corresponds  to  the  dilatation 
_of  these  vessels,  its  depression  to  their  contractions.  The  process 
of  respiration  has  nothing  to  do  with  this  phenomenon,  and  even, 
admitting  the  stagnation  or  the  regurgitation  of  the  blood  in  the 
jugular  veins,  the  arrangement  of  the  veins,  within  the  skull,  is 
-.ich.that  thia  stagnation  or  reflux  could  not  produce  alternate  mo- 
tions of  the  cerebral  mass. 

The  brain  receives  its  arteries  from  the  carotids  and  vertebral? 
after  they  have  entered  the  skull,the  former  along  the  carotid  canals 
thela*t-r  through  the  foramen  magnum  of  the  occipital  bone.  It 
would  be  useless  to  describe  their  numerous  divisions,  their  frequent 
ana=torao-:cs,  the  arterial  circle,  or  rather  polygon  formed  by  these 
anastomoses,  and  by  means  of  which,  the  carotid  and  vertebral 
ai  teries  communicate  together,  by  the  side  of  the  sella  turcica.  Ha!, 
ler  has  given  a  very  correct  view  and  an  excellent  description  of 
this  part*.  The  account  of  (he  internal  carotid  artery  published 
by  that  great  anatomist  is,  according  to  Vicq  d'Azyr,  a  chef, 
d'auvrecf  learning  and  precision;  the  same  encomium  might  be 


•  f'5-cirnli  anitomici.  F.  7.  tab.  1. 
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bestowed  on  the  latter  who  gave  a  superb  drawing  of  the  same 
part.  I  shall  content  myself  with  observing,  that  the  principal 
arterial  trunks  going  to  the  brain,  are  situated  at  the  base  of  this 
viseus;  that  the  branches  into  which  these  trunks  di/ide,  aud  the 
subdivisions  of  these  branches,  are,  likewise,  lodged  at  its  base  in 
a  uumber  of  depressions,  and  that,  in  the  last  place,  the  arteries 
of  the  brain  do  not  penetrate  into  its  substance,  till  after  they  have 
undergone  iu  the  tissue  of  the  pia  mater,  which  appears  com- 
pletely vascular,  very  minute  subdivisions. 

The  vessels  which  return  the  portion  of  blood  which  has  not 
been  employed  in  the  nutrition  and  growth  of  the  brain, are,  on 
the  contrary,  situated  towards  its  upper  part,  between  its  convex 
surface,  and  the  arch  of  the  cranium,  each  convolution  contains  a 
great  vein  which  opens  into  the  superior  longitudiual  sinus. 
The  vena  Galeui  which  deposits  into  the  sinus,  the  blood  brought 
•from  the  choroid  plexus  ;  6maH  veins  which  open  into  llie  carve: - 
nous  sinuses;  others,  likewise  very  minute,  which  passing  through 
the  foramina  in  the  a\a;  majores  of  the  sphenoid  bone,  contribute 
to  form  the  venous  plexus  of  the.  zygomatic  fossa,  are  the  only 
exceptions  to  this  general  rule. 

This  being  laid  down  on  the  arrangement  of  the  arteries  and 
■  veins,  let  us  examine  what  will  be  the  effect  of  their  action,  wkh 
regard  to  this  viscus. 

The  coutractions  of  the  heart  propel  the  blood  into  the  arterial 
tubes,which  experience  especiall  y  at  the  place  of  their  curvatures,  a 
manifest  displacement,  at  the  time  of  their  dilatation.  All  the  arte- 
ries situated  at  the  base  of  the  brain,  experience  both  these  effects 
at  once.  Their  united  efforts  communicate  to  it  a  motion  of  eleva- 
tion succeeded  by  depression,  when,  by  their  contraction,  they 
re-acton  the  blood  which  fills  them. 

These  motions  tahe  place,  only  as  long  as  the  skull  remains 
entire;  this  cavity  is  too  accurately  tilled,  and  there  is  no  void 
space  between  the  membranes  of  the  brain.  Lorry  who,  with 
good  reason,  denied  the  existence  of  such  a  space,  committed  an 
equally  serious  anatomical  mistake  in  asserting,  that  as  no  motion 
coold  take  place,  on  account  of  the  state  of  fulness  of  the  skull,  it 
was  effected  iu  the  ventricles,  which  he  considers  as  real  cavilie-, 
but  which,  as  Ilaller  has  shewn,  are  when  in  a  natural  state,  merely 
surfaces  in  contact.    No  motion  actually  takes  place,  except  in 

those  cases  in  which  there  is  a  loss  of  substance  in  the  parietes  of 
the  skull.  .* 
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It  is  easy  to  conceive, however,  that  the  brain  which  is  soft  and 
of  weak  consistence,  yields  to  tbo  gentle  pressure  of  its  arterial 
vessels.  Does  not  this  continued  notion  of  the  heart  ou  the  brain, 
explain,  in  a  satisfactory  manner,  the  remarkable  sympathy  lu  - 
twt'tu  those  two  organs,  linked  by  such  close  connections?  It  is, 
besides,  of  u  ry  manifest  utility,  and  connected  with  the  return  of 
the  blood  distributed  to  the  cerebral  mass  and  to  its  envelopes. 
The  veins  which  bring  it  back,  alternately  compressed  against  the 
arch  of  the  skull,  empty  themselves  more  easily  into  the  sinuses  of 
the  dura  mater,  towards  which  their  course  is  retrograde,  and 
unfavourable  to  the  circulation  of  the  blood  which  they  pour  into 
them. 

"When  any  thing  impedes"  the  free  passage  of  the  blood  through 
the  lungs,  it  stagnates  in  the  right  cavities  of  the  heart;  the  supe- 
rior vena  cava,  the  internal  jugulars,  and  consequently  the  sinuses 
of  the  dura  mater,  and  the  veins  of  the  brain  which  terminate  in 
them,  are  gradually  distended;  and  if  this  dilatation  were  carried 
to  a  certain  degree,  the  veins  of  the  brain,  placed  between  it  and 
the  arch  of  the  skull,  would  tend  to  depress  it  towards  the  base 
of  that  cavity.  If  this  dilatation,  at  first  slight,  were  carried  be. 
beyond  the  extensibility  of  these  vessels,  their  rupture  would 
occasion  fatal  effusions.  It  is  in  this  manner,  that  some  authors 
have  explained  sanguineous  apoplexy. 

It  will  be  objected  perhaps,  that  many  of  the  sinuses  of  the  dura 
mater  are  at  the  base  of  the  skull,  and  that,  consequently,  their  di- 
latation must  tend  to  raise  the  cerebral  mass. 

But  the  greater  part  of  these  sinuses  are  connected  only  with 
the  cerebellum  and  the  medulla  oblongata,  of  which  it  has  not  yet 
been  possible  to  ascertain  the  motions.  These  sinuses  are  almost 
all  lodged  in  the  edges  of  the  falx  and  of  the  tentorium  cerebelli. 
The  cavernous  sinus  in  which  the  ophthalmic  vein  disgorges 
itself,  the  communicating  sinuses  which  allow  the  blood  of  one  of 
the«e  sinu~.es  to  pas3  into  the  other,  are  too  insignificant  to  produce 
a  raising  of  the  cerebral  mass..  Lastly,  the  resistance  of  their  pa- 
rietes,  formed  chiefly  by  the  dura  mater,  must  set  strait  bounds 
to  (heir  dilatation ;  the  spungy  tissue  which  fills  the  interior  of 
the  cavernous  sinuses,  still  makes  this  dilatation  and  the  reflux  of 
the  blood  more  difficult. 

CXLiX.  It  is  not  enough  to  prove,  by  reasons  drawn  from, 
the  disposition  of  parts,  that  the  motions  ol  the  braiu  are  comma- 
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nieated  to  it,  by  the  collection  of  arteries  at  its  base;  ti.e  fact  must 
yet  be  established  upon  observation,  and  placed  beyond  doubt, 
by  positive  experiments.  The  following  are  what  1  have  attempted' 
for  this  purpose : 

A.  I  have  first  repeated  the  observation  of  some  author*,  and 
ascertained,  as  they  did,  that  the  pulsations  felt  on  placing  the 
finger  on  the  fontanels  of  the  skulls  of  new-born  infants,  corres- 
pond perfectly  to  the  beatings  of  the  heart  and  arteries. 

B.  A  patient,  trepanned  for  fracture,  with  effusion  on  the  dura'- 
mater,  enabled  me  to  see  the  brain,  alternately  vising  and  falling. 
The  rising  corresponded  with  the  diastole,  the  falling  with  the 
systole  of  the  arteries. 

C.  Two  dogs,  trepanned,  exhibited  the  same  phenomenon,  in 
the  same  relation,  to  the  dilatation  and  contraction  of  the  arteries. 

D.  I  removed,  carefully,  the  arch  of  the  skull,  on  the  body  of 
an  adult.  The  dura  mater,  disengaged  from  its  adhesions  to  the 
bones  which  it  lines,  was  preserved,  perfectly  untouched.  I  after- 
wards laid  bare  the  main  carotids,  and  injected  them -with  water. 
At  every  stroke  of  the  piston,  the  brain  shewed  a  very  sensible 
motion  of  rising,  especially  when  the  injection  was  forced  at  once 
along  the  two  carotids. 

E.  I  have  injected  the  internal  jugular  veins.  The  cerebral 
mass  remained  motionless.  Only  the  veins  of  the  brain,  the  sinu- 
ses of  the  dura  mater  dilated.  The  injection  having  been  kept  up 
for  some  time,  there  resulted  from  it  a  slight  swelling  of  the  brain : 
when  driven  with  more  force,  some  of  the  veins  burst,  and  the 
liquor  flowed  out.  The  same  injection  being  made  with  water 
.strongly  reddened,  the  surface  of  the  brain  became  coloured  with 
an  intense  red.  To  see  clearly  this  effect,  you  ought,  after  remov- 
ing the  arch  of  the  skull,  to  divide,  on  each  side,  the  dura  mater,., 
on  a  level  with  the  circular  incision  of  the  skull,  then  turn  back 
the  flaps  towards  the  upper  longitudinal  sinus. 

F.  The  internal  jugular  veins  having  been  laid  open,  while  (he 
injection  was  forced  along  the  main  carotids,  each  time  the  piston 
was  pushed  forward,  the  venous  blood  flowed  with  the  greatest 
impetus  ;  a  clear  proof  of  the  manifest  influence  of  the  motions  of 
the  brain,  on  the  course  of  the  blood  in  its  veins,  and  in  the  sinuse  s 
of  the  dura  mater. — This  experiment  had  been  already  perform- 
ed by  other  anatomists,  and  amongst  o(hers,'by  Ruysch,  with  a 
fieM  of  proving  the  immediate  communication  between  the  arteries 
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and  veins.  This  communication,  which  is,  at  present,  universally 
acknowledged,  may  be  proved  by  other  facts*  This  one  is  evi- 
dently any  thing  but  conclusive. 

G.  In  a  trepanned  do?,  I  tied  successively  the  two  carotids. 
The  motions  of  tlie  brain  abated,  but  did  not  cease.  The  anasto- 
moses of  the  vej  tobrals,  with  the  brauches  of  the  carotids,  uccouut 
for  this  phenomenon 

II.  1  took  a  rabbit,  a  gentle  cre  ature,  easy  to  confine,  and  very 
well  adapted  for  difficult  experiments :  af^er  laving  bare  the  brain, 
and  observing  that  its  motions  were  simultaneous  to  the  beats  of 
the  heart,  I  tied  the  trunk  of  the  ascending  aorta  :  the  moment 
the  blood  ceased  rising  to  the  head,  the  brain  ceased  moving,  and 
the  animal  died. 

1.  The  tying  of  (he  internal  jugular  veins,  did  not  stop  the 
motious  of  the  brain  ;  but  its  veins  dilated,  and  its  surface,  bared 
by  the  removal  of  a  llap  of  the  dura  mater,  was  sensibly  redder 

than  in  the  natural  state.    The  dog  became  affected -with  stupor, 

-       i».  [Je-'.jai;t:a  a  down  ^inltaa  tu  .w»tiuxtax9  lu  Jfou* 

and  expired  in  convulsions. 

Thu  opening  of  these  veins  did  not  hinder  the  continuance  of  the 

motious  ;  they  grew  fainter  only  when  the  animal  was  weakened 

by  loss  of  blood. 

XV.     ine  opening  of  the  superior  longitudinal  sinus,  the  only 

one  that  could  easily  be  opened,  did  not  weaken  the  motions  Bt 

the  biain.    It  is  observed  that  the  blood  flows  out  morefreely 

from  it,  during  the  elevation. 

L.    The  compression  of  the  thorax,  on  human  bodies,  produces 

but  a  slight  reflux  in  the  jugular  veins,  especially,  if,  during  this 

compres-ion,  the  trunk  is  kept  raised.  The  reliux  is  greater,  when 

the  truuk  is  laid  fiat. 

These  experimeuts  might  be  varied  and  multiplied;  if,  for 

instance,  the  iiijection  were  thrown,  at  once,  along  the  vt'rrebral 

arteries,  and  the  internal  carotids 4  but  those  i  have  stated  are 

sufiicicnt  lor  my  purpose. 

Since  the  first  publication  of  this  enquiry,  in  the  Memoirs  of  the 

Medical  Society,*  I  have  had  many  opportunities  of  repeating  the 

observations  and  experiments,  which  serve  as  a  foundation  to  the 

theory  there  detailed.   Amoug  the  facts  which  confirm  (hib  theory, 

there  is  one  that  appears  to  me  worth  stating  :  it  would  be  sutii- 

.•mj-ir.  Mutt   •         -  v;<w-'j» V wiowrt ^uti-'unf 

*  Memoirs  de  la  Socictc  Mtdtcale  de  Paris,  au  VII.  troUeiue  anude^  j»ag. 
lcJl,  it  ttltBi  ' 
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cicnt  by  ilsr-lf,  if  it  were  pos-ible  to  ( •tablish  n  theory  on  (V  ob- 
servation of  a  single  fact.    A  woman,  about  fifty  yiars  of  age,  h.id 
an  extensive  carious  all'eclion  of  the  skull;  the  left  parietal  bene 
was  destroy  ed,  in  the  greatest  part  of  its  extent,  aud  left  uncovered 
a  pretty  considerable  portion  of  the  dura  mater.     Nothing  was 
easier  than  to  ascertain  (he  existence  of  a  complete  correspond- 
ence, between  the  motions  of  the  brain  and  the  beats  of  the  pube. 
I  desired  the  patient  to  cough,  to  suspend  her  respiration  suddenly, 
the  motions  continued  in  the  same  relation  to  each  other;  \>heu 
she  coughed,  the  head  was  shaken,  and  the  general  concussion,  in 
which  the  brain  partook,' mlglif  have  been  mistaken  by  a  preju- 
diced observer,''  for  the  proper  motions  of  that  Organ,  ami  depend, 
ing  on  the  reflux  of  blood  in  the  vein*. 

In  experiments  on  dogs  <he  fame  motion  takes  place,  when 
th--  animal  baiks,  but  it  is  easy  to  np'reeive',  that  the  concussion 
affecting  the  braiu'is  experienced  by  the  whole  body,  and  that  the 

effort  of  expiration,  in  barking,  causes  a  concussion  more  or  less 

..  ,    „     iah.l  .auoi-biv.'ioo  ui  U-nig/t*  Uts 

violent.  . 

anJ  iu    -  y'Miij  r >  j  -iJJ  i  iLoiii  Jim  Lib  clsh  -.^.-ili  io.j  uiu  ♦w.-.-»i1J  . 
1  he  patient,  mentioned  in  the  preceding  observation.  ( i  u  about 

a  month  after  I  came  •to  trie  Hospital  ofStV  L  ouis,  fh  which  she  had 

been  fqr.  a  coosideiable  length  offline.    On  opening  Hre  body,  the 

left  lobe  of  the  bi.aiVi  was  found  softened  and  ui  a  kind  of  putrid 

state  ?  the  ichor   which  was  formed,  in  considerable  quantity, 

flowed  outwardly,  'by  a 'fistulous  opening  m  the  dura  muter  whose 

,  . timio .->.  j  'Hi-  i. ir. .  d.   i  ai-i* 

tissue  was  rather,  thickened. 

CL.  The  slight  consistence  of  the  brain,  winch  Lorry  considers 
as  favourable  to 'the  communication  of  the  motion  which  its- 
arteries  impart  to  it,  appears  'to  me  fcrbe  against  this  transmission. 
In-  fact,  the. dilated  vessels  not  being  able  to'depress the  base  of 
the  skull  onwhich  they  rest,  make  their  eflort  against  the  cerebri 
mass,  and  raise  it  the  more  easily  (the  arch  of  the  skull  being  re- 
moved)  from  lis  'presenting'  a  certain  resistance.  If  the  brain 
were  too  soft,  the  artery  would  merely  swell  into  it,  and  would 
110t  lift  it.  To  IM  one's  self  of  this  truth,  one  need  only  ob- 
serve what  happens  when  the  posterior  part  of  the  knee  rets  on  a 
pU,OW,  or  on  any  thing  of  the  same  sort;  then,  the  motions  which 

£S  .Uomevery-'visible,  if  the  ham' rests  on  any  thing  that  re, 
sists  the  actio*  on  the  other  knee,  for  instance  :_then  the  artery, 
Whkh  "cannot  deprWs  iti.oxc.te.  its  . -whole.. actiau  m  raising  the 
lower  extremity:  which  it  does,  the  more  easily,  from- acting 
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against  n  bony,  resisting,  and  hard  part-  ThiseKperiment.com. 
pletely  invalidates  the  opinion  of  Lorry.  The  want  of  analogy 
will  not  be  objected :  it  will  not  be  said  that  the  brain  is  heavier 
than  the  In vff  r  .-m  remity, -nor  that  the  sum  of  the  calibers  of  the 
ioternal  carotid  aid  the'vertebral  arteries,  is  not  greater  than  that 

of  the  popliteal  artery. 

This  continual  tendency  of  the  brain  to  rise,  produces  in  the 
end.  on  the  bones  of  the  skull  which  resist  this  motion,  very 
marked  effects.  Thus,  the  interior  surface  of  these  bones,  smooth, 
in  early  life,  becomes  furrowed  with  depressions,  the  deeper  as  we, 
advance  in  age.  The  digital  depressions  and  the  mammillary  pro- 
cesses, corresponding  to  the  convolutions  and  windings  of  the, 
brain,  are  very  evidently  the  result  of  its  action  on  the  enclosing 
parieres.  Sometimes  it  happens  that,  at  a  very  advanced  age.  the 
bones  of  the  skull  are  so  thinned  by  this  internal  action,  that  th« 
pulsations  of  the  brain  become  perceptible  through  the  hairy 
scalp. 

iSo  doubt,  the  same  cause  hastens  the  destruction  of  the  skult 
hy  the  fungous  tumours  of  the  dura  mater.  The  effort  from  ex- 
pansion of  the  tumour.,  which  developes  itself,  is  further  added, 
and  makes  the  waste  of  the  bones  more  rapid.  At  the  end  of  a 
few  months,  the  tumour  projects  outwardly,  with  pulsations 
plainly  simultaneous  to  the  beatings  of  the  pulse,  as  Louis  ob- 
rentes  in  a  Memoir  inserted  among  those  of  the  Academy  of 
Surgery. 

I  have  shewn  (CXLVHr)  that  the  disposition  of  the  veins  of 
the  brain  and  of  the  sinuses  of  the  dura  mater  was  adverse  to  the 
action  ascribed  to  them,  on  this  viscus.  Experiment  (E.  L.)  shews 
that  the  stagnation  of  the  blood,  or  even  its  regurgitation,  could 
produce  only  a  slow  and  gradual  distension  of  the  sinuses  of  the 
dura  mater,  and  veins  terminating  in  it,  with  a  silght  turgescence 
of  the  cerebral  mass,  if  the  cause,  producing  the  stagnation  of  the 
blood  or  its  rellux,  prolonged  its  action  to  a  partial  destruction 
of  the  skull. 

L  ist!) ,  the  alternate  motions  of  the  brain,  said  to  correspond 
to  those  of  respiration,  ought  to  be  to  the  beats  of  the  pulse,  in 
the  ordinary  ratio  of  1  to  5.  On  the  contrary,  it  is  easy  to  sa- 
tisfy one's  self  that  these  motions  are  in  an  inverse  ratio,  and  per- 
fectly simultaneous  to  the  pulsations  of  the  heart  and  arteries. 

The  results  of  the  experiments  I  have  stated  in  that  Memoir, 
compared  to  those  obtained  by  justly-celebrated  inquirers,  ar« 
too  remarkably  different  not  to  have  iuduced  me  to  make  som« 
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attempt  at  investigating  the.  cause  of  our  disagreement.  Tor  tint 
purpose,  I  thought  it  neocsary  to  examine  scrupulously  all  the 
circumstances. 

Ihe  work  of  Limure  contains  anatomical  errors,  which  throw 
suspicions  upon  his  accuracy.  Haller  did  not  himself  make  tttf 
experiments  of  which  he  speaks,  in  treating  of  (he  infleence  of  res- 
piration on  the  circulation  of  venous  Mood.  This  ani-'e  is  drawn 
from  a  thesis  defended  at  Gottingen  by  omp  of  bis  ri^ciples. 
Lastly,  Vicq-d'Azyr  attempt. d  no  eeidiimiiig  e*pn  irne nt.  and 
seems  to  have  had  in  view  only  the  reconciling  all  opinions. 

No  one  of  those  anatomists  ha=  distinguished  the  motions  of  ele. 
ration  impressed  on  the  cerebral  mass  by  the  impulse  of  its  arte- 
ries, from  the  swelling  of  the  sinuses  of  the  dura  mater,  of  the 
veins  distributed  to  it,  and  from  the  tumefaction  of  the  brain 
which  may  be  caused  by  difficult  respiration.  This  mistake  would 
be  the  more  easy,  as  animals  tortured  by  the  knife  of  the  anato- 
mist, breathe  painfully,  convulsively,  and  at  shorter  intervals  than 
in  their  natural  state.  Schlitting,  the  first  author  of  these  experi- 
ments, appears  especially  to  have  confounded  the  motion  of  rising, 
the  real  displacement  of  the  brain,  with  the  turgescence  of  (his 
viscus.  At  every  expiration,  he  says,  I  have  seen  the  brain  rise, 
that  is  to  sny,  swell,  and  at  every  inspiration  I  have  seen  it  fall, 
that  is  to  say,  collapse. 

"  Toties  animadvertiperspicuc — in  omni  cxpiratirmr,  cerebrum 
universum  ascendere,  id  est  intutnes-;ere ;  at  que  in  quavis  inspird- 
tione  Jltid  descendrrc,  id  est  detumescere." 

We  may,  therefore,  consider  as  a  truth  strictly  demonstrated 
by  observation,  experiment,  and  reasoning,  the  following  pio- 
position  : — 

The  motions  observable  in  the  brain,  when  laid  hare,  are  impart- 
ed (o  it  solely  by  the  pulsations  of  the  arteries  at  its  base,  and  are 
perfectly  simultaneous  to  the  pulsations  of  these  vessels :  further^ 
the  rejlux  and  stagnation  of  the  venous  blood,  are  able  to  sxcll  its 
substance. 

CLI.  Action  of  the  nerves  and  brain.  It  is  undoubtedly, 
as  Vicq-d'Azyr  has  said,  by  a  motion  of  some  sort  that  the  nerves 
net.  Setting  out  from  this  simple  idea,  one  may  admit  several 
kinds  of  nervous  motions,  the  one  operating  from  the  circum- 
ference to  the  centre,  it  is  the  motion  of  sensation  which  we  are 
about  more  particularly  to  study  in  this  paragraph  ;  the  other, 
acting  from  the  ceqtre  to  the  circumference,  and  this  motion, 
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produced  by  the  will,  determines  the  action  of  the  muscular 

organs,  &Cfc 

In  what  manner  are  the  impressions  produced  on  the  senses  by 
the  bodies  which  surround  us,  transmitted,  along  the  nerves,  to  the 
brain  ?  Is  it  thtonnh  the  intervention  of  <i  very  subtle  fluid,  or  can 
the  nerves,  as  ha*  In  en  stated  by  some  physio'ogists,  be  considered 
as  vibrating  cords?    This  last  idea  is  go  absurd,  that  one  cannot 
help  wondering  it  should  so  long  hawe  been  in  vogue.    A  cord 
that  it  may  vibrate,  must  be  in  a  state  of  tension,  along  the  whole 
of  its  length,  and  fixed  tit  both  extremities.    The  nerve*  are  not 
in  a  state  of  tension,   their    extremities,  in  no  degree  fixed, 
approach  towards  each  other  or  recede  according  to  the  differ- 
ence of  position,  the  tension,  the  turgescence,   the  fulness  or 
collapse  of  parts,  and  vary  constantly  intheir  distance  from  each 
other.    Besides,  the  nervous   cords,  situated  between  pulps,  at 
thrir  origin,    and   at  their  termination,  cannot  be  extended 
between  these  two  points.    The  nervous  fibre  is  the  softest,  the 
least  elastic  of  all  the  animal  fibres;  when  a  nerve  is  divided 
its  two  extremities,  far  from  receding  by  contracting,  project, 
on-  the   contrary,   beyond  each  other;   the    point  of  section 
shews   a   number    of    small   granulations  of  medullary  and 
nervo  is  substance,  which  Hows  through  its  minute  membranous 
canals.    Surrounded  by  pa'ts  to  which  they  arp,  to  a  certain  <!e- 
gree.  united,  the  nerves  could  not  vibrate  ;  Lastly,  admitting  the 
possibility  of  their  being  capable  of  vibrating,  the  vibration  of  a 
single  filament  ought  to  bring  on  that  of  all  the  rest,  and  carry 
confusion  and  disorder  in  every  motion  and  sensation. 

It  is  much  more  probable  that  the  nerves  act  by  means  of  subtlp, 
Invisible,  and  impalpable  fluid,  to  which  the  ancients  gave  the 
name  of  animal  spirits;  this  fluid,  unknown  in  its  nature,  and  to  be 
judged  of  only  by  its  effects,  must  be  wonderfully  minute,  since  it 
eludes  all  our  means  of  investigation.  Does  it  entirely  proceed 
from  the  brain,  or  is  it  equally  secreted,  by  the  membranous  en- 
velopes of  each  nervous  filament  ?  (KcuriUincs,  Reil.)  To  say 
the  truth,  one  can  bring  no  other  proof  of  the  existence  of  a 
nervous  fluid,  but  the  facility  with  which,  by  means  of  it,  we 
are  enabled  to  explain  the  various  phenomena  of  sensation,  and 
it«  utility  in  explaining  these  phenomena.  These  proofs,  how. 
ever,  may  not  appear  completely  satisfactory  to  those  who  are 
very  strict,  and  who  do  uot  consider  as  proved  what  is  merely 
probable. 
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Among  (he  constituent  principles  of  the  atmosphere,  there  arc 
generally  diffused  several  fluids,  such  as  the  magnetic  and  electric 
fluids.  Might  not  these  lluids,  on  entering  with  the  air  into  the 
lungs,  combine  with  the  arterial  blood,  and  be  conveyed,  by 
means  of  it^  to  the  brain  or  to  the  other  organs?  Does  not  the 
vital  action  impart  to  (hem  new  qualities,  by  making  (hem  undergo 
unknown  combinations?  Do  caloric  and  oxygen  enter  into  these 
combinations  which  endow  fluids  with  a  certain  vitality,  and  pro- 
duce on  them  important  changes,  and  vvhich  are  not  understood?* 
Have  not  these  conjectures  acquired  a  certain  degree  of  proba- 
bility, since  the  analogy  of  galvanism  to  electricity,  at  first  sup- 
posed by  the  author  of  this  discovery,  has  been  confirmed,  by 
the  very  -curious  experiments  of  Volta,  repeated,  commented, 
and  explained,  by  all  the  natural  philosophers  of  the  present  dav, 
in  Europe.** 

The  action  of  the  nervous  fluid  takes  place,  from  the  extremity 
of  nerves  towards  the  brain,  so  as  to  produce  the  phenomena  of 
sensation,  for,  when  the  nerves  are  tied,  the  parts  below  the 
ligature  lose  the  power  of  sensation,  while,  as  will  be  seen  in 
the  proper  place,  (his  action  is  propagated  from  the  brain  towards 
the  nervous  extremities,  and  from  the  centre  to  the  circumference, 
in  producing  motions  of  every  kind.  This  double  current,  in 
contrary  directions,  may  take  place  in  the  same  nerves,  and  it  is 
not  necessary  to  arrange  the  ucrves  into  two  classes  of  sensation 
and  of  motion. 

All  the  impressions  received  by  the  organs  of  sense,  and 
by  the  sentient,  extremities  of  nerves,  are  transmitted  to  the 
cerebral  mass.  The  brain  is,  therefore,  the  centre  of  animal  life  ; 
all  sensations  are  carried  to  it;  it  is  the  spring  of  all  voluntary 
motion;  this  centre  is  to  the  functions  of  relation,  as  the  heart 
to  the  functions  of  nutrition.  One  may  say  of  the  brain,  as  of 
the  heart,  omnibus  dat  et  ab  omnibus  uccipit.  It  receives  from 
all,  and  gives  to  all. 

*  Were  it  not  for  these  changes,  electricity,  magnetism,  and  galvanism, 
would  suffice  to  restore  life  to  an  animal  recently  dead. 

**  Galvanism,  as  yet,  has  not  realized  the  expectations  of  physiologists. 
Chemistry  has  derived  the  greatest  advantages  from  it. — It  is,  at  present,  with 
M.  M.  Davy,  Thcnard  and  Gay-Lussac,  the  most  powerful  agent  in  the  analysis 
•f  certain  bodies. 
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The  existence  of  a  centre,  to  which  all  the  sensations  are  rar- 
ried,  and  from  which  all  motions  spring,  is  necessary  to  the  unity 
of  a  thinking  being,  and  to  the  harmony,  of  the  intellectual  fiwic 
tions.    But  is  this  seat  of  the  principle  of  motion  and  of  sensation* 
circumscribed  within  the  narrow  limits  of  a  mathematical  point,  op 
rather  should  it  not  be  considered  as  diffused  over  nearly  . the  whole 
brain  ?  The  latter  appears  to  me  the  more  probable. apinion  j. 
it  otherwise,  what  could  be  the  use  of  those,  divisions.' of  the  organ 
into  several  internal  internal  cavities  ;  what  could  be  the  use  of 
those  prominences  all  varying  in  their  form  ;  and  df  the  arrange- 
ment of  the  two  substances  which  enter  into  their  structure?  We 
may  conjecture,  with  considerable  probability,  that  eaich  percep- 
tion, each  class- Of  ideas:,  each  faculty,  is  assigned  to  some  peculiar 
part"  of  the  brain.     It  is,  indeed,  impossible  to  determine  the 
peculiar  functions  of  each  part  of  the  organ  ;:  to  say  what  purpose 
is  served  by  the  ventricles,  -what  is  the  .use  of  the  commissures, 
wh\it  takes  place  in  the  peduncles  ;  but/ it  is.' impossible  to  study 
an  arrangement  of  -such-* combination-,! and.  to  believe  ,  that  it  is 
without  design,  and  that  this  division-  of  the  cerebral  mass,  into. so 
many  parts,  so  distinct,  and  of  such  various  fprms,  is  not  relative 
to  the  different  function,  which:  each  has  to- fill  in  the  process  of 
thought.    That  ingenious  comparison,  mentioned  in  the  panegyr 
ric  of  Mery,  by  Fontenelle,  is  very  applicable  to  the  brain.    "  We 
anatomists,"  he  once  said  to  me,  "are  like  the  porters  in  Paris, 
who  are  acquainted  with  the  narrowest  and  most  distant  streets, 
but  who  know  nothing  of  .what  takes  place  in  the  houses." — 
What  then  are  we  to  .think  of  the  system  of  Gall,  and  of  hi» 
division  of  the  outside  of=  the  skull  into  several  compartments, 
which,  according  to  the  depression  or  projection  of  the  osseous 
Case,  indicate  the  absence  or  the  presence  of  certain  faculties, 
moral  or  intellectual  ?    I.  cannot  help  thinking,  that  this  physi- 
ological doctrine  of  the  functions  of  the  braih,  resting  on  too  few- 
well  observed  facts,  is  frivolous  ;  while  his  .anatomical  discoveries 
oij  the  anatomy  of  this  orgao,  and  on  the  nervous  system,  are  of 
the  highest  importance,  and  w  ell  founded. 

CUl.  Analysis  t>f  (he  Understanding.  In  .vain  were  the  organs 
of  sense  laid  open  to  all  impressions  of  surrounding  objects;  in  vain 
were  their  nerves  fitted  for  their  transmission  :  these  impressiong 
w  ere  to  us  as  if  they  had  never  been,  were  there  not  provided  a  seat 
of  consciousness  in  the  brain.  Fur  it  is  triere,  that  every  sensation 
is  felt ;  light  and  sound,  and  odour,  and  taste,  are  riot  ftilt  in  Hip 
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organs  they  impress  •  it  is  the  sensitive  centre  that  sees,  and  hears, 
and  stnelN,  and  tastes.  You  have  only  to  interrupt,  by  compies- 
iioii  of  the  nerves,  the  communication  between  the  organs  anil  the 
brain,  and  all  consciousness  of  the  impressions  of  objects,  ull  sen- 
lation  is  suspended. 

The  tortuiing  pains  of  a  whitlow  cease,  if  you  bind  the  arm  so 
•trongly  as  to  compress  the  nerve  which  carries  the  sensation  to 
the  brain.  A  living  animal,  under  experiment,  suiters  nothing 
from  the  most  cruel  laceration,  if  you  have  first  cut  the  nerves  of 
the  parts  on  which  you  are  operating.  To  conclude,  the  organs 
of  sense,  and  the  nerves  which  communicate  between  them  and  the 
brain,  shall  have  suffered  no  injury,  shall  be  in  a  perfect  state  for 
receiving  and  transmitting  the  sensitive  impression,  yet  no  pheno- 
mena of  sensation  can  take  place,  if  the  brain  be  diseased:  when 
it  is  compressed,  for  instance,  by  a  collection  of  fluid,  or  by  a 
splinter  from  the  skull  in  a  wound  of  the  head.  This  organ  is, 
therefore,  the  immediate  instrument  of  sensations,  of  which  im. 
pressions  made  on  the  others  are  only  the  occasional  causes. — 
This  modification  of  sensibility,  which  serves  to  establish  the  rela- 
tions of  the  living  being,  with  objects  without,  would  be  correctly 
denominated  cerebral  sensibility  ;  but  that  even  in  animals  with* 
out  brain,  or  distinct  nervous  system,  it  is  very  manifest.  The  sen- 
bility,  in  virtue  of  which  the  polypus  dilates  his  cavity,  for  the 
admission  of  his  prey,  and  contracts  itself  to  retain  it,  is  in  fact, 
quite  distinct  from  that  sensibility  of  nutrition,  by  which  its  sub- 
stance  is  enabled  to  take  to  itsel  i  nutritious  juices. 

The  brain,  as  Cabanis  has  well  expressed  it,  acts  upon  the  im- 
pression transmitted  by  the  nerves,  as  the  stomach  upon  the  ali. 
ments  it  receives  by  the  cesophagus  :  it  does,  in  its  own  way, digest 
them:  set  in  motion  by  the  impulse  it  receives,  it  begins  to  react; 
and  that  re-action  is  the  perceptivs  sensation,  or  perception. — 
From  that  moment,  the  impression  becomes  an  idea,  it  enters  as 
an  element  inlo  thought ;  and  becomes  subject  to  the  various  com- 
bi rations  that  are  necessary  to  the  phenomena  of  understand- 
ing* 

CLIIT.  Our  sensations  are  nothing  but  modifications  of  our 
being  j  they  are  not  qualities  of  the  objects  :  no  body  has  colour 

«  I  ought  to  observe,  that  the  terras  thought  and  understanding  are,  in  mj 
opinion,  gj  nonyioou*;  both  are  alike,  sat  abridged  expression  of  tile  whole  of 
t#c  o;jerdli6us  of  the  icusitive  centre. 
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to  (he  blind  from  birth  :  the  rose  has  lost  its  most  precious  quality 
to  him  who  has  lost  his  smell  :  he  knows  it  from  the  anemone,  only 
by  its  colour,  its  figure,  &c.    We  perceive  nothing  but  -within 
outl  ives.    It  is  only  by  habit,  only  by  applying  different  senses 
to  the  examination  of  the  same  object,  that  we  are  at  last  able  to  se- 
parate it  from  our  own  existence;  to  conceive  of  it  as  distinct 
from  ourselves,  and  from  the  other  bodies  with  which  we  aie  ac- 
quainted; in  a  word,  to  refer  to  outward  objects  the  sensations 
that  take  place  within  ourselves.    Our  ideas  come  to  us,  only  by 
the  senses;  there  are  none  innate  as  was  imagined  till  (he  time 
of  Locke,  who  has  allotted  to  the  refutation  of  this  error  a  large 
part  of  his  valuable  work  on  the  Human  Understanding.  The 
child  that  opens  its  eyes  to  the  light,  is  prepared  for  the  acquisi- 
tion of  ideas,  by  this  merely  that  it  has  senses;  that  is,  that  it  is 
susceptible  of  impressions  from  the  objects  that  surround  it» 

It  is  inaccurate,  however,  to  compare,  as  some  philosophers 
have  done,  the  brain  of  a  child  new-born  to  a  blank  tablet,  on 
which  are  to  be  figured  all  the  future  acts  of  his  intelligence.  If 
sensation  came  only  from  without,  if  the  external  sensps  were  the 
only  organs  that  could  send  impressions  to  the  cerebral  centre, 
the  understanding,  at  the  moment  of  birth,  had  indeed  been  no- 
thing, and  the  comparison  of  its  organ  to  a  sheet  of  white  paper, 
or  to  a  slab  of  Parian  marble,  on  which  not  a  character  w  ere 
drawn,  had  been  perfectly  correct.    But  we  are  compelled  to 
acknowledge  with  Cabanis,  two  sources  of  ideas  quite  distinct 
from  each  other,  the  external  senses,  and  the  internal  organs. 
These  inward  sensations,  springing  from  functions  that  are  car- 
rying on  within  us,  are  the  cause  of  those  instinctive  determina- 
tions by  which  the  new-born  child  seizes  the  nipple  of  its  mother, 
and  sucks  \he  milk  by  a  very  complicated  process,  which  directs 
the  young  of  animals  the  moment  after  birth,  and  sometimes  in  the 
Tery  act  of  birth,  w  hile  their  limbs  are  yet  engaged  in  the  vagina, 
to  -eize  upon  the  dug  of  their  dam.    Instinct,  as  the  author  just 
quoted  has  very  justly  observed,  springs  from  impressions  received 
by  the  interior  organs,  w  hilst  reasoning  is  the  produce  of  external 
sensations;  and  the  etymology  of  the  word  instinct,  composed  of 
two  Greek  Words,  signifying  "  to  prick,"  &c.  "  within,"  agrees 
with  the  meaning-  we  assign  to  it. 

These  two  parts  of  the  understanding,  reason  and  instincf,  unite 
and  blend  together,  to  produce  the  intellectual  system,  and  the 
rarious  determinations  of  mental  action.    But  the  part  that  each 
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bears  In  the  generation  of  idea?,  is  very  difTorrnt  in  animal?,  whose 
grosser  external  senses  allow  instinct  to  predominate  ;  and  in  man, 
in  whom  the  perfection  of  these  senses,  and  the  art  of  signs,  which 
perpetuate  the  transient  thought,  augment  the  power  of  reason, 
while  they  enfeeble  instinct.  It  is  easy  to  conceive,  that  the 
bruin,  assailed  by  a  crowd  of  impressions  from  without,  will  regard 
less  attentively,  and  therefore  sutler  to  escape  the  gnaterpart  of 
those  that  result  from  internal  excitation.  Instinct  is  more  vigo- 
rous in  savage  man,  and  its  relative  perfection  is  his  compemation 
for  the  advantages  which  superior  reason  brings  to  man  in  civili- 
zation. The  moral  and  intellectual  system  of  the  individual,  con- 
sidered at  different  periods  of  life,  owes  more  to  internal  sensa- 
tion, the  less  it  is  advanced;  for,  instinct  declines  as  reason  is 
strengthened  and  enlarged. 

Thus,  though  all  the  phenomena  of  understanding  haTe  their 
source  in  physical  sensibility,  this  sensibility  being  set  in  action 
by  two  sorts  of  impressions,  the  brain  of  an  infant  just  born,  has 
already  the  consciousness  of  those  which  spring  from  the  internal 
motion,  and  it  is  from  these  impressions  that  it  executes  certain 
spontaneous  movements,  of  which  Locke  and  his  followers  could 
find  no  explanation  :  accordingly,  the  parfizans  of  innate  ideas, 
looked  upon  them  as  the  strongest  confirmation  of  their  system: 
but  these  ideas,  anterior  to  all  action  of  outward  objects  on  the 
senses,  are  simple,  few,  and  extending  to  a  very  small  number  of 
wants  ;  the  child  is  but  a  few  hours  old,  and  already  it  expresses 
a  multitude  of  sensations,  that  throng  upon  it  from  the  instant  of 
its  birth,  sensations,  which  have  passed  to  the  brain,  combined 
themselves  there,  and  entered  into  the  action  of  the  will,  with  a 
velocity  which  equals,  if  it  does  not  surpass,  that  of  light. 

It  is  only,  after  laying  down  between  the  sources  of  our  know- 
ledge, a  very  exact  line  of  demarcation,  after  scrupulously  dis- 
tinguishing the  rational  from  the  instinctive  determinations, 
acknowledging  that  age,  sex,  temperament,  health,  disease,  cli- 
mate, and  habit,  which  modify  our  physical  organization,  must,  by 
a  secondary  effect  modify  these  last,  that  we  can  possibly  under- 
stand the  diversity  of  humours,  of  opinions,  of  characters,  and  of 
genius.  lie  who  has  well  appreciated  the  effect,  on  the  judg- 
ment and  reason,  of  the  sensations  that  spring  from  the  habitual 
state  of  the  internal  organs,  sees  easily  the  origin  of  those  ever- 
lasting disputes  on  the  distinction  between  the  sensitive  and  the 
rational  soul;  why  some  philosophers  have  believed  man  solicited 
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for  ever  by  a  good  or  an  ctil  genius;  spirits  which  they  have  per- 
sonified under  the  names  of  Oromazes,  and  Arimanes,  betwixt 
whom  they  imagined  eternal  M  ar  ;  the  con  lest  of  the  soul  with  the 
senses,of  the  spirit  with  the  ilesh,of  the  concupiscent  and  irascible 
with  the  intellectual  principle,  that  contradiction  which  St.  Paul 
laboured  under,  when  he  said  in  his  Epistle  to  the  Romans,  that  his 
members  were  in  open  war  with  his  reason.  These  phenomena  which 
suggest  the  conception  of  a  two-fold  being  {Homo  duplex,  Buffon), 
are  nothing  but  a  necessary  sti  ife  betwixt  the  determinations  of 
instinct  and  the  determinations  of  reason  ;  between  the  often  times 
imperious  wants  of  the  organic  nature,  and  the  judgment  which 
keeps  them  under,  or  deliberates  on  the  means  of  satisfying  them, 
without  offending  received  ideas  of  lituess,  of  duty,  of  reli- 
gion, Sec. 

CLIV.  A  being,  absolutely  destitute  of  sensitive  organs, 
svould  possess  only  the  existence  of  vegetation  :  if  one  sense  were 
added,  he  would  not  yet  possess  understanding,  because,  as  Con- 
dillac  has  shewn,  the  impressions  produced  on  this  only  sense, 
would  notadmitof  comparison;  it  would  all  end  in  an  inward  feel- 
ing, a  perception  of  existence,  and  he  would  believe  the  things  which 
atfi'cted  him  to  be  a  part  of  his  being.  The  fundamental  truth,  so 
completely  made  out  by  modern  metaphysicians,  is  found  distinctly 
stated  in  the  writings  of  Aristotle*:  and  there  is  room  for  surprize 
that  that  father  of  philosophy  should  haye  merely  recognized  it, 
without  conforming  to  its  doctrine:  but,  still  more  that  it  should 
have  been  for  so  many  ages  disregarded  by  his  successors.  So 
absolutely  is  sensation  the  source  of  all  our  knowledge,  that  even 
the  measure  of  understanding  is  according  to  the  number  and  per- 
fection of  the  organs  of  sense;  and  that  by  successively  depriving 
them  of  the  intelligent  being,  we  should  lower,  at  each  step,  his  in- 
tellectual nature ;  whilst  the  addition  of  a  new  sense  to  those  we 
now  possess,  might  lead  us  to  a  multitude  of  unknown  sensations 
and  ideas,  would  disclose  to  us  in  the  beings  we  are  concerned 
with,  a  vast  variety  of  new  relations,  and  would  greatly  enlarge  the 
sphere  of  our  intelligence. 

The  impression,  produced  on  any  organ,  by  the  action  of  an 
outward  body,  dows  not  constitute  sensation ;  it  is  further  requi- 
site,that  the  impression  be  transmitted  to  the  brain,  that  it  be  there 
pei  ceived,  that  is,  felt  by  that  organ  ;  the  sensation  then  becomes 

*  Nil  ttl  in  intclleclu.  quod  non  priiif  fuerit  in  sentti. 
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perception,  aud  this  first  modification  suppose?,  as  is  apparent,  a 
central  organ,  to  which  the  impressions  on  the  organs  may  be  car. 
ried.  The  cerebral  fibres  are,  more  or  loss  disturbed,  by  the  Uth 
sations  sent  to  them,  at  once,  from  all  the  organs  of  sense:  mm| 
we  should  acquire  but  confused  notions  of  the  bodies  Irom  which 
they  proceed,  if  one  stronger  perception  did  not  silence,  as  it  w  em. 
the  rest,  and  fix  the  mention,  in  this  concentiation  of  the  soul 
upon  a  single  object,  the  brain  is  feebly  stirred  by  many  i-ensations 
that  leave  no  trace;  it  is  thus,  that  after  the  attentive  perusal  ,  f  a 
book,  we  have  lost  the  sensatious  that  were  produced  by  the  dif- 
ferent colour  of  the  paper  and  the  letters. 

When  a  sensation  is  of  short  duration,  our  knowledge  of  it  is  so 
light,  that  soon  there  remains  no  remembrance  of  it.  It  is  thus,  that 
we  do  not  perceive,  every  time  we  wink,  that  we  pass  from  light  to 
dark  ness.  and  from  darkness  to  light.  If  we  fix  our  attention  on 
this  sensation,  it  afl'ects  us  more  permanently.  After  occupying 
oneself,  for  a  given  time,  with  a  number  of  things,  w  ith  but  mo- 
derate attention  to  each;  after  reading,  for  instance,  a  novel, 
full  of  events  each  of  which  in  its  turn  has  interested  us,  we  finish 
it  without  being  tired  of  if,  and  are  surprized  at  the  time  it  has 
taken  up.  It  is  because  successive  and  light  impressions  have 
effaced  one  another,  till  we  have  forgotten  all  but  some  of  the 
principal  actions.  Time  ought  then  to  appear  to  us  to  have  passed 
rapidly  ;  for,  as  Locke  has  well  said,  in  his  Essay  on  the  Human 
Understanding,  "  We  conceive  the  succession  of  times  only  by 
that  of  our  thoughts." 

This  faculty  of  occupying  oneself  long  and  exclusively  with  the 
same  idea,  of  concentrating  all  the  intellectual  faculties  on  one 
object,  of  bestowing  on  the  contemplation  of  it  alone,  a  lively  and 
well  supported  attention,  is  found  in  greater  or  less  strength  in 
different  minds:  and  some  philosophers  appear  to  me  to  have  ex- 
plained, very  plausibly,  the  different  capacity  of  different  minds, 
the  various  degrees  of  instruction  of  which  we  are  capable, 
by  the  degree  of  attention  we  are  able  to  give  to  the  objects  of  our 
studies. 

Who,  more  than  the  man  of  genius,  pauses  on  the  examination 
of  a  single  idea,  considers  it  with  more  profound  reflexion,  under 
more  aspects  and  relations,  bestows  on  it,  in  short,  more  ontiie 
attention. 

Attention  is  to  be  considered  as  an  act  of  the  w  ill,  w  hich  keeps 
the  organ  to  one  sensation,  or  prepares  it  for  that  sensation,  so  as 
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to  receive  it  more  deeply.  To  look,  is  to  see  with  attention;  to 
listen,  is  to  hear  attentively  :  the  smell,  the  taste,  in  the  same 
wav,  are  fixed  upon  au  odour,  or  a  flavour,  so  as  to  receive  from 
t.i  in  the  fullest  impression.  In  all  these  cases,  the  seosation 
may  be  involuntary,  but  the  attention  by  which  it  is  heightened,  is 
an  act  of  ihe  will.  This  distinction  has  already  been  well  laid  down 
with  regard  to  the  feeliug,  which  is  only  the  touch  exerted  under 
the  direction  of  the  will 

According  to  the  strength  or  faintness  of  the  impression  that  a 
sensation,  or  an  idea  (which  is  but  a  sensation  operated  upon  by 
the  cerebral  organ),  has  produced  on  the  fibres  of  that  organ,  will 
be  the  liveliness  and  permanence  of  the  recollection.  Thus,  we 
may  have  reminiscence  of  it,  or  recal  faintly  that  we  have  been  so 
affected  ;  or  memory,  which  is  a  representation  of  the  object, 
with  some  of  its  characteristic  attributes,  as  colour,  bulk,  &c. 

The  pains  that  appear  to  be  felt  in  limbs  which  we  have  lost, 
have  not  their  place  in  the  part  that  is  left ;  the  brain  is  not  de- 
ceived, when  it  refers  to  the  foot,  the  sufferings  of  which  the  cause 
js  in  the  stump,  after  the  amputatiou  of  the  leg  or  thigh.  1  have  at 
this  moment,  before  me.  the  case  of  a  woman  and  of  a  young  man, 
whose  leg  and  thigh  I  took  off  for  scrophulous  caries,  of  many 
years  standing,  and  incurable  by  any  other  means.  The  wound, 
from  the  operation,  is  completely  cicatrised.  The  stump  has  not 
more  sensibility  than  any  other  part  covered  by  integuments,  since 
it  may  be  handled  without  pain.  And  yet,  both,  at  intervals, 
and  especially  when  the  atmosphere  is  highly  electrified,  com- 
plain of  pains  in  the  limbs  which  they  have  lost  some  months 
ago.  They  recognize  them,  by  [certain  characters  ;for  those  of  their 
disease.  They,  like  all  perceptions,  are  manifestly  given  in  charge 
to  the  memory,  which  reproduces  them,  when  the  cerebral  organ 
repeats  the  action,  once  occasioned  by  the  impressions  of  the 
disease. 

Finally,  if  the  brain  is  easy  of  excitation,  aud  at  the  same  lime, 
faithful  in  preserving  the  impressions  it  has  received,  it  will  possess 
the  power  of  bringing  up  ideas  with  all  their  connected  and  col- 
lateral ideas;  of  reproducing  them,  in  some  sort,  by  recalling  the 
entire  object,  whilst  memory  presents  us  with  a  few  of  its  qualities 
only.  This  creative  faculty  is  called  imagination.  If  it  some- 
times produces  monsters,  it  is  that  the  brain,  by  its  power  of 
associating,  connecting,  combining  ideas,  reproduces  them  in  a:1 


order  not  according  to  nature,  gathers  them  under  capricious  asso- 
ciations, and  gives  occasion  to  many  erroneous  judgments. 

When  the  mind  brings  together  two  ideas,  when  it  compares  them, 
and  determines  on  their  analogy  it  judges.  A  certain  number  of 
judgments,  in  series,  form  a  reasoning.  To  reason,  then,  is  only 
to  judge  of  the  relations  that  exist  among  the  ideas  with  which  the 
senses  supply  us,  or  which  are  reproduced  by  imagination. 

It  is,  with  the  faculties  of  the  soul,  as  with  those  of  the  body. 
When  called  into  full  exertion,  the  intellectual  organ  gains  vigour  ; 
it  languishes  in  too  long  repose.  If  we  exercise  certain  faculties 
only,  they  are  greatly  developed,  to  the  prejudice  of  the  rest.  It 
is  thus,  that  by  the  study  of  mathematics,  soundness  of  judgment 
is  acquired,  and  precision  ©f  reasoning :  to  the  extinction  of  ima- 
gination, which  never  rises  to  great  strength  without  injury  to  the 
judging  and  reasoning  powers.  The  descriptive  sciences  employ 
especially  the  memory,  and  it  is  seldom  that  they  much  enlarge  the 
minds  of  those  who  study  them  exclusively. 

CLV.  Condillac  has  immortalized  his  name,  by  discovering,  the 
first,  and  by  demonstrating  irrefragably,  that  signsare  as  necessary 
to  the  formation  as  to  the  expression  of  ideas  :  that  language  is  not 
less  useful  for  thinking  than  for  speaking;  that  if  we  could  not 
attach  the  notions  once  acquired  to  received  signs,  they  would  re- 
main always  unconnected,  and  uncompleted,  since  we  should  have 
no  power  to  associate  and  compare  them,  and  to  determine  their 
relations.  It  is  the  imperfection  or  (he  total  want  of  signs,  for 
fixing  their  ideas,  that  makes  the  infancy  of  the  lower  animals 
perpetual.  It  is  this  that  makes  it  impossible  for  them  to  trans- 
mit to  another  generation,  or  even  to  communicate  one  with  ano- 
ther, the  acquisitions  of  individual  experience:  which  experience  is 
indeed,  by  the  same  cause, restrained  within  very  narrow  limits,aud 
eonfiued  to  a  few  simple  notions,  a  few  ideas  resting  merely  on  its 
wants  and  on  its  powers.  If  there  were  not  signs  to  preserve 
ideas,  and  to  connect  them,  memory  would  be  nothing,  all  impres. 
tions  would  be  efi'aced,  soon  after  they  were  felt,  all  collections 
of  ideas  would  be  dissolved  as  soon  as  formed,  (if  they  could  be 
formed  at  all)  our  ignorance  would  be  indefinitely  prolonged,  and 
we  should  reach  old  age,  with  a  mind  still  in  its  infancy. 

When  we  reflect  on  a  subject,  it  is  not  directly  on  the  ideas, 
but  on  the  words  expressing  them,  that  the  mind  operates;  we 
stouldnever  have  the  idea  of  numbers,  if  we  had  not  assigned  distinct 
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names  to  numbers,  whether  single  or  collected.  Locke  speaks  of 
some  Americans,  who  had  no  idea  of  the  number  thousand,  because 
the  words  of  their  language  expressed  nothing  beyond  the  number 
twenty.  La  Condamine  informs  us,  in  his  narrative,  that  there 
are  some  who  count  only  to  three,  and  the  word  they  employ  to 
express  the  number  is  so  complicated,  of  a  pronunciation  so  long 
and  difficult,  that,  as  Condillac  observed,  it  is  not  surprising,  that 
fcfr'tog  bfegbn  with  a  method  so  inconvenient,  they  have  not  been 
able  to  advance  any  further.  "  Deny,  (says  this  writer),  to  a  supe- 
"  rior  mind,  the  use  of  letters,  how  much  of  knowledge  you  put  out 
44  of  his  reach,  which  an  ordinary  capacity  will  attain  to  without 
<;  difficulty.  Go  on,  and  take  from  him  the  use  of  speech,  the  lot 
"  of  the  dumb  will  shew  you,  how  narrow  are  the  limits  within 
M  which  you  confine  him.  Finally,  take  from  him  the  use  of  all 
"  sorts  of  signs,  let  him  be  unable  to  find  the  least  sign  for  the 
"  most  ordinary  thought,  and  you  have  an  idiot."* 

We  are  made  acquainted  by  travellers  with  certain  tribes,  so 
backward  in  the  art  of  expressing  their  ideas  by  signs,  that  they 
seem  to  serve  as  a  link  between  civilized  nations  and  certain  spe- 
cies of  animals,  whose  instinct  has  been  perfected  by  education. 
One  might  even  assert,  that  there  is  less  distance,  in  respect  to  in- 
telligence, from  man  in  that  extreme  abasement,  to  the  higher 
animals,  than  there  is  to  a  man  of  superior  genius,  such  as  Bacon, 
Newton,  or  Voltaire. 

In  another  part  of  the  same  work,  after  having  demonstrated, 
that  languages  are  real  analytic  methods,  that  the  sciences  may 
may  be  reduced  to  *ell  constructed  languages,  he  shews  how 
powerful  is  their  influence  in  the  cultivation  of  the  mind.  But  he 
shall  speak  himself  with  that  clearness  of  expression,  which  is  the 
characteristic  and  the  charm  of  his  writings.  "  Languagesare  like 
the  cyphers  of  the  geometricians;  they  present  new  views  to  the 
mind,  and  expand  it  as  they  are  brought  nearer  to  perfection. 
The  discoveries  of  Newton  had  been  prepared  for  him,  by  the 
signs  that  had  been  already  contrived,  and  the  methods  of  calcula- 
tion that  had  been  invented.  If  he  had  arisen  sooner,  he  might 
have  been  a  great  man  to  his  own  age;  but  he  would  not  havo 
been  the  admiration  of  ours.  It  is  the  same  in  other  depart- 
ments." 


•  E>sai  tur  l'oiigioe  des  CoonoiuaQCca  humaioes,  u- : .  4. 
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The  most  scanty  languages  have  been  formed  in  the  most  bar. 
re»  countries.    The  savage  who  strays  along  the  desert  sho.es  of 
New  Zealand,  needs  but  few  signs  to  distinguish  the  small  number 
of  objects  that  habitually  impress  his  senses:  the  sky,  the  earth 
the  sea,  fire,  shells,  the  fish  that  form  his  chief  food,  the  quadi  u! 
peds,and  the  vegetables,  which  are  but  few  in  number,  under  this 
severe  climate,  are  all  that  he  has  to  name  and  to  know:  accor- 
dingly his  vocabulary  is  very  small ;  it  has  been  given  to  us  by 
travellers  in  the  compass  of  a  few  pages.    A  copious  language, 
one  capable  of  expressing  a  great  variety  of  objects,  of  sensations, 
and  of  ideas,supposes  high  civilization  in  the  people  among  whom  it 
is  spoken.   You  hear  complaints  of  the  perpetual  recurrence  of  the 
same  expressions,  the  same  thoughts,  the  same  images,  in  the 
poetry  of  Ossian :  but  living  amidst  the  barren  rocks  of  Scotland, 
the  Bards  could  not  speak  of  things,  of  which  nothing,  on  the  soil 
they  inhabited,  could  supply  them  with  the  idea.    The  monotony 
of  their  languages  was  involved  in  that  of  their  impressions,  always 
produced  by  rocks,  mists,  winds,  the  billows  of  the  ireful  ocean, 
the  gloomy  heath,  and  the  silent  pine,  &c.    The  repetition  of 
the  same  expressions,  in  the  Scriptures,  shows  that  civilization 
had  not  ma  le  the  same  progress  among  the  Hebrews,  as  among  the 
Greeks  and  Romans.    The  connexion  there  is  between  the  ge- 
nius of  a  language,  and  the  character  of  the  people  that  speak  it; 
the  influence  of  climate,  of  government,  and  of  manners  on  lan- 
guage, the  reason  why  the  great  writers,  in  every  department, 
appear  together,  at  the  very  time  in  which  a  language  reaches  its 
perfection  and  maturity,  &c.  these  are  problems  that  suggest 
themselves,  and  would  well  merit  our  endeavous  lo  obtain  solu- 
tion, did  not  the  investigation  manifestly  lead  beyond  the  limits  of 
our  inquiry. 

Though  Condillac  has  said,  repeatedly,  in  his  works,  that  all 
the  operations  of  the  soul,  are  merely  sensation,  variously  trans- 
formed, that  all  its  faculties  are  included  in  the  single  one  of  sense  ; 
his  analysis  of  thought  leaves  still  much  doubt  and  uncertainty  on 
the  real  character  and  relative  importance  of  each  of  her  facul- 
ties. 

Themerit  of  dispersing  the  mist  which  covered  tV.ispart  of  meta- 
physics remained  for  M.  Tracy.  His  Elements  of  'Ideology,  leave 


*  Eldmcns  d'  Ideologic,  par  M,  Dcstutt  Tiacj,  senalcur,  Mcmbre  de 
l'lmtiiut.  .  . 


sothing  to  be  wished  for  oh  this  subject,  t  shall  extract  some  of 
its  main  results,  referring  the  reader  for  the  rest  to  the  work. 

To  think  is  only  to  feel;  and  to  feel  is,  for  us,  the  same  as  to 
e\ist  ;  for,  it  is  by  sensation  we  know  of  our  existence.  Ideas, 
or  perceptions,  are  either  sensations,  properly  so  called,  or  re- 
collections, or  rtlatious  which  we  perceive,  or,  lastly,  the  desire 
that  is  occasioned  in  us  by  these  relations.  The  faculty  of 
thought,  therefore,  falls  into  the  natural  subdivision  of  sensibility, 
properly  termed  memory,  judgment^  and  will.  To  feel,  properly 
speaking,  is  to  be  conscious  of  an  impression;  to  remember,  is  to 
be  sensible  of  the  remembrance  of  a  past  impression  ;  to  judge  is  to 
feel  relations  among  our  perceptions :  lastly,  to  will  is  to  desire 
something.  Of  these  four  elements,  sensations,  recollections ,judg+ 
merits  and  desires,  are  formed  all  compound  ideas.  Attention  is 
but  an  act  of  the  will:  comparison  cannot  be  separated  from 
judgment,  since  we  cannot  compare  two  objects  without  judging 
them:  reasoning  is  only  a  repetition  of  the  act  of  judging:  to  re- 
flect, to  imagine,  is  to  compose  ideas,  analyzable  into  sensations, 
recollections,  judgments,  and  desires.  This  sort  of  imagination 
which  is  only  certain  and  faithful  memory,  ought  not  to  be  distin- 
guished from  it. 

Finally,  want,  uneasiness,  inquietude,  desire,  passions,  &c.  are 
either  sensations  or  desires.  There  is  room,  therefore,  to  re- 
proach Condillac  with  having  divided  the  human  mind  into  under- 
standing and  will  only  :  because  the  first  term  includes  actions  too 
unlike,  such  as  sensation,  memory,  judgment ;  and  with  having  run 
into  the  opposite  extreme,  iu  the  too  great  multiplication  of  secon- 
dary divisions. 

CLVI.  Disorders  ef  thought.  Philosophers  would  un- 
doubtedly attain  to  a  much  profounder  knowledge  of  the  intel- 
lectual faculties  of  man,  if  they  joined  to  the  study  of  their  regular 
and  tranquil  action,  that  of  the  many  disordered  actions  to  which 
they  are  liable.  It  is  not  enough,  if  we  would  understand  them 
aright,  to  watch  their  operation  when  the  soul  is  undisturbed  and 
at  ease:  we  must  follow  it  in  its  perturbations  and  wander- 
ings: we  must  see  its  powers,  now  separating  themselves  from 
those  with  which  they  ought  to  act;  now  combining  with 
them  und»r  false  perceptions :  sometimes,  altogether  droop- 
ing, and  sometimes  starting  into  an  extreme  violence  of  action, 
of  which  we  can  neither  mistake  the  importance  nor  the  nature  ; 
and,  as  the  greater  part  of  our  ideas  are  derived  from  the  analo- 
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gies  wo  are  aide  to  discern  anions  the  objects  that  supply  thcrft, 
amidst  these  troubles  of  human  passion  and  human  reason,  we 
learn  to  conceive  more  profoundly  of  their  nature,  than  if  we 
had  been  satisfied  with  observing  them  in  the  .calm  of  their  na- 
tural condition. 

The  observation  of  mania  is  vdt  (oo  imperfect  in  the  number, 
variety,  and  precision  of  its  facts,  to  fix  (he  classification  of  the  spe- 
cies of  mental  alienation,  according  to  the  intellectual  faculty  that 
is  disordered  in  each.    Professor  Pinel  has,  nevertheless,  ventured 
to  ground  his  distinctions  of  the  species  of  mania  on  the  labours  of 
modern  psychologists,  and  shown  that  all  might  be  referred  to  five 
kinds,  which  he  marks  by  the  names  of  melancholy,  of  mania  with- 
out delirium,  mania  with  delirium,  dementia,  and  idiotcy*.   In  the 
lirst  four  kinds, there  is  perversion  of  the  mental  faculties, which  arc 
in  languid  or  excessive  action.    We  are  not  to  look  for  the  cause 
of  these  derangements  in  vice  of  original  conformation  ;  for,  melan- 
choly, mania  with  or  without  delirium,  and  madness,  scarcely  ever 
appear  before  puberty.    It  is  agreed,  among  observers,  that  almost 
all  maniacs  have  become  so,  between  twenty  and  forty  years  old  ; 
that  very  few  have  lost  their  reason  either  before  or  after  this 
stormy  period  of  life,  wherein  men,  yielding,  by  turns,  to  the  tor- 
ments of  love  and  of  ambition,  of  fear  and  of  hope,  to  the  sweet 
illusions  of  happiness,  and  the  realities  of  suffering,  consumed 
with  passions  forever  reviving,  often  repressed,  and  rarely  satisfied, 
feel  their  intellectual  powers  impaired,  annihilated,  or  abased  by 
that  tempest  of  the  moral  nature,   which  has  well  been  com- 
pared to  the  storms  which,  in  their  violence,  lay  desolate  the  flou- 
rishing earth. 

We  are  compelled  to  grant,  that  our  acquaintance  with  the 
structure  of  the  brain  and  of  the  nerves  is  too  imperfect,  that  dis- 
sections of  the  bodies  of  maniacs  have  been  too  f(MV,and  those  often 
by  physicians^  too  little  familiar  -with  the  minute  structure 
of  the  sensitive  organ,  to  warrant  us  in  asserting  or  denying,  that 


*  For  more  ample  explanation  I  must  refer  to  the  work.  Trait/  mttlico- 
philosophiqtte  sur  V Alienation  mentatc  uu  la  Manic,  par  P.  Pinel.  Pari*, 
1800. 

+  This  censure  is  especially  applicable  to  the  researches  of  Dr. 
t>' reding. 
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derangi  went  of  intellect  depends  constantly  on  organic  injury  ; 
though  it  is  highly  probable,  many  facts,  at  least,  collected  by. 
observers,  who,  like  Morgagni,  deserve,  the  utmost  confidence, 
authorize  the  belief,  that  the  consistence  of  the  brain  is  increased; 
n  some  maniacs  who  arc  distinguished  by  the  most  obstinate  and 
uuvaniug  adherence  to  their  ruling  ideas  ;  that  it  is,  on  the  other 
Laud,  soft,  watery,  and  in  a  kind  of  incipient  dissolution,  in  some 
others,  whos,e  incoherent  ideas  after  their  aptitude  for  association, 
4iu]  for  transformation  into  judgments  is  gone,  succeed  one  ano- 
ther rapidly,  and  seem  to  pass  away  without  a  trace,  &c. 

If,  in  the  multitude  of  maniacs,  the  organ  of  the  understanding 
sutler  ouly  imperceptible  injury,  it  is  very  remarkably  changed  in 
idiots.    The  almost  entire  obliteration  of  flic  intellectual  faculties, 
which  constitutes  idiotcy,  wheu  it  is  not  brought  on  by  some  strong 
and  sudden  shock,  some  unexpected  and  overwhelming  emotion, 
breaking  down  at  once  all  the  springs  of  thought,  when  it  is  an 
original  defect,  is  always  connected  with  mal-conformation  of  the 
skull,  with  the  constraint  of  the  organs  it  encloses.    These  defects 
of  organization  lie,  as  M.  Piuel  observes,  in  the  excessive  smalU 
ness  of  the  head,  to  the  whole  stature,  or  to  the  want  of  propor- 
tion among  the  different  parts  of  the  skull.    Thus  in  the  idiot, 
■whese  head  is  given  in  the  work  on  mania  (pi.  2,  fig.  6.)  it  is  only 
the  tenth  of  the  whole  height,  whilst  it  should  be  something  more 
than  a  seventh,  if  we  take  the  Apollo  of  Belvedere  as  the  type  of 
the  ideal  perfection  of  the  human  figure.    An  idiot,  whom  I  oc- 
casionally see,  has  the  ocipital  extremity  of  the  head  so  much  con- 
tracted, that  the  large  extremity  of  the  oval  formed  by  the  upper 
face,  instead  of  being  placed  at  the  back,  as  in  other  men,  is,  on 
the  contrary,  turned  forw  ards  and  answers  to  the  forehead,  which 
itself  slopes  towards  the  sinciput.    The  vertical  diameter  of  the 
skull  is  inconsiderable.    The  head,  thus  shortened  from  above 
downwards,  is  much  flattened  on  the  sides.  The  hands  and  feet  are 
very  small,  and  often  cold  ;  the  genitals,  on  the  contrary,  are  ex. 
tremely  large. 

In  two  other  children,  equally  idiots,  and  now  in  the  hospital  of 
St.  Louis,  the  skull,  very  large  behind,  ends  in  a  very  contracted 
extremity,  and  (he  forehead  is  very  short,  and  not  more  than  two 
inches  and  a  half  wide,  measuring  from  the  semi-circular  process 
which  terminates,  at  the  npper  part,  the  temporal  fossa,  to  the 
commencement  of  the  same  process  on  the  other  side.    The  exces- 
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sive  growth  of  the  genitals  is  not  less  conspicuous;  they  are,  h» 
these  two  children,  one  ten,  the  other  twelve  years  old,  as  well  as 
in  the  first  of  whom  I  spoke,  who  is  fourteen,  of  larger  size  than  is 
commonly  seen  after  the  appearance  of  puberty.  There  is 
nothing  to  indicate  that  this  season  is  attained  by  these  three 
idiots. 

The  same  excess  of  growth  is  found,  more  conspicuously  among 
the  cretins  of  the  Valais,  idiots  who  (in  consequence  of  a  weak  and 
degraded  organization)  are  prone  to.  lasciviousness  and  the  most 
frequent  onanism. 

This  sort  of  opposition  in  the  relative  energy  of  the  intellectual 
organ,  and  of  the  system  of  reproduction,  in  the  developement  of 
the  brain,  ancf  that  of  the  parts  of  generation,  is  a  phenomenon 
which  must  strongly  interest  the  curiosity  and  engage  the  atten- 
tion of  physiologists.  Who  is  there  uuacquainted  with  that  ener- 
vation of  the  understanding,  that  intellectual  and  physical  debility, 
which  indulgence  in  the  pleasures  of  love  brings  on,  if  we  exceed 
ever  so  little'the  bounds  of  scrupulous  moderation  ?  Castration  mo-; 
difies  the  moral  character  of  men  and  animals,  at  least,  as  power, 
fully  as  their  physical  organization,  as  M.  Cabanis  has  shewn, 
in  treating  of  the  influence  of  the  sexes  on  the  origin  and  growth  of 
the  moral  and  intellectual  powers. 

CLYH'  Our  physical,  therefore,  holds  our  moral  nature  under 
a  strict  and  necessary  dependance ;  our  vices  and  our  virtues, 
sometimes  produced  and  often  modified  by  social  education,  are 
frequently,  too,  results  of  organization.  To  the  conclusive  proofs 
which  the  philosopher  I  have  just  named,  who  is  an  honour  to  his 
profession,  brings  forward  of  the  influence  of  the  physical  on  the 
moral  human  being,  I  will  only  add  a  single  observation.  It  is 
not,  certainly,  the  first  that  hag  been  made  of  the  kind;  but  none 
such,  I  believe,  has  yet  been  published.  The  reader  recollects,  I 
have  no  doubt,  the  old  woman  of  whom  I  have  spoken  in  treating 
of  the  motions  of  the  brain,  which  an  enormous  caries  of  the 
bones  of  the  skull  gave  an  opportunity  of  observing  in  her.  I 
wiped  off  the  sanious  matter  which  covered  the  dura  mater,  and  1, 
at  the  same  time,  questioned  the  patient  on  her  situation  ;  as  she  felt 
no  pain  from  the  compression  of  the  cerebral  mass,  1  pressed  down 
lightly  the  pledget  of  lint,  and  on  a  sudden  the  patient,  who  M  as 
answering  my  questions  rationally,  stopped  in  the  midst  of  a  sen- 
tence: but  she  went  on  breathing  and  her  pulse  continued  to  bvat : 


• 
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I  withdrew  the  pledget ;  she  said  nothing  :  I  asked  her  if  she  re* 
membered  my  last  question  :  she  said  not.  Seeing  that  the  experi- 
ment was  without  pain  or  danger,  I  repeated  it  three  times,  and 
thrice  I  suspended  all  feeling  and  all  intellect, 

A  man  trepanned  for  a  fracture  of  the  skull,  with  effusion  of 
blood  and  pus  on  the  dura  mater,  perceived  his  intellectual  fa- 
culties going,  the  consciousness  of  existence  growing  benumbed 
and  threatening  to  cease,  in  the  interval  of  each  dressing,  in  pro- 
portion as  the  lluid  collected. 

There  are  surgical  observations  on  wounds  of  the  head  contain- 
ing several  facts  that  may  be  connected  with  the  preceding  obser- 
vations. There  is  no  one  who  has  had  syncope  of  more  or  less 
continuance,  but  knows  that  the  state  is  without  pain  or  uneasi- 
ness, and  leaves  no  consciousness  of  what  passed  whilst  it 
lasted.    It  is  the  same  after  an  apoplexy,  a  fit  of  epilepsy,  &c. 

The  history  of  temperaments  supplies  us  with  too  many  exam- 
ples of  the  strict  connexion  which  there  is  between  the  physical 
organization  and  the  intellectual  and  moral  faculties,  to  leave  any 
necessity  for  dwelling  longer  on  this  truth,  which  no  one  ques- 
tions, but  which  no  philosopher  has  yet  followed  into  all  its  con- 
sequences. 

CLVIIf.  An  English  writer,  in  a  work  on  the  history  of 
uieutal  alienation*",  has  traced,  better  than  had  before  been  done, 
the  physiological  history  of  the  passions,  which  he  looks  upon  as 
m  re  results  of  organization,  ranking  them  among  the  phenomena 
of  the  nnimal  economy,  and  with  abstraction  of  any  moral  notion 
tint  might  attach  to  them. 

All  passion  is  directed  to  the  preservation  of  the  individual  or 
♦he  reproduction  of  the  species.  They  may  be  distinguished,  there- 
fore, like  the  functions,  into  two  classes.  In  the  second,  we  should 
find  parental  love,  and  all  the  affections  that  protect  our  kind 
through  the  helplessness  of  its  long  infancy. 

But  Crichton,  with  the  greater  part  of  metaphysicians  and  phy- 
siologists, appears  to  me  not  to  have  settled  correctly  the  meaning 
that  should  belong  to  the  word  passion.  When  he  gives  this 
name  to  hunger,  an  inward  painful  sensation,  the  source  of  many 
determinations  of  many  kinds,  a  powerful  mover  of  savage  and 
civilized  man, — to  the  anxiety  which  attends  the  breathing  an  air 

*  An  Inquiry  in!o  the  Nature  and  Origin  of  Mental  Derangement— London, 
VrJi.  2  vals.  Svo. 
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deficient  in  oxygen,— to  the  impressions  of  excessire  heat  and 
cold, — to  the  troublesome  6ensution  produced  by  the  accumulation 
of  urine  and  fecal  matter,— to  the  feeling  of  weariness  and  fa- 
tigue that  is  left  by  violent  exertions, — he  confounds  sensation 
With  the  passions  or  desires  which  may  spring  from  it. 

It  is  to  avoid  extreme  wants,  of  which  a  vigilant  foresight  per- 
ceives afar  off  the  possibility,--- it  is  to  satisfy  all  .the  factitious 
wants  which  society  and  civilization  have  created,  that  men  con, 
demn  themselves  to  those  agitations,  of  which  honour,  reputation, 
wealth,  and  power,  are  the  uncertain  aim.    Our  passions  have  not 
yet  been  analyzed  with  the  same  care  as  our  ideas :  no  one  has 
yet  duly  stated  the  differences  there  arc,  in  respect  to  their  num- 
ber and  energy,  betwixt  savage  man,  and  man  in  the  midst  of  civi- 
lized and  enlightened  society. 

A*  the  habitual  state  of  the  stomach,  of  the  lungs,  of  the  liver 
and  internal  organs,  is  connected  with  certain  sets  of  ideas  ;-^as 
every  vivid  sensation  of  joy  or  distress,  of  pleasure  or  pain,  bring* 
on  a  feeling  of  anxiety  in  the  pi  jECordia,— the  ancients  placed  in 
the  viscera  the  seat  of  the  passions  of  the  soul :  they  placed  cou- 
rage in  the  heart,  anger  in  the  liver,  joy  in  the  spleen,  &c.  Bacou 
and  Van  Helmont  seated  them  in  the  stomach;  Lecat  in  the  ner, 
vous  plexuses;  other  physiologists  in  the  ganglions  of  the  great 
sympathetic,  Sec.  But  have  they  not  confounded  the  effect 
with  the  cause?  the  appetite  with  the  passion  to  which  it 
disposes?  The  appetites,  out  of  which  the  passions  spring,  re* 
side  in  the  organs,  they  suppose  only  instinctive  determinations, 
whilst  passion  carries  with  it  the  idea  of  intellectual  exertion. 
Thus,  the  accumulation  of  semen  in  the  vesicula;  which  serve  for 
its  reservoirs,  excites  the  venereal  appetite,  quite  distinct  from  the 
passion  of  love,  though  often  its  determining  cause.  Animals  have 
scarcely  more  than  appetite,  which  differs  as  much  from  passion 
as  instinct  from  intelligence.  However,  the  brain  is  not  to  bo 
considered  as  the  primitive  seat  of  the  passions*,  as  is  done  by  the 
greater  number  of  philosophers.    Of  all  the  feelings  of  man,  the 

*  If  we  analyzed  the  passions  carefully,  it  would  be  ri^ht  to  distinguish  tboso 
which  are  common  to  all  men, which  appertain  to  oar  physical  wants  and  lo  our 
nature,  from  certain  caprices  of  the  mind  which  have  been  honoured  with  the 
name  of  passions,  as  avarice,  ambition,  erroneous  calculations  which  should 
be -referred  to  mental  derangement,  and  classed  among  the  different  kiuds.  of 
insanity. 
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most  lasting,  tho  most  sacred,  the  most  passionate,  the  least  srts* 
ceptibleof  injury  from  nil  the  prejudices  of  the  social  state,  mater- 
nal love,  is  surely  not  the  result  of  any  intellectual  combination, 
of  any  cerebral  action:  it  is  in  the  bowels  (e.iilruilles, )  its  source 
lies;  thence  it  springs,  and  all  the  efforts  of  imagination  cannot 
attain  it  for  those  who  have  not  been  blessed  with  a  mother's 
name. 

All  passion  springs  from  desire,  and  supposes  a  certain  degree 
of  exaltation  of  the  intellectual  faculties.  The  shades  of  the  pas-  • 
sions  are  infinite:  they  might  be  all  arranged  by  a  systematic 
scale;  of  which  indifference  would  be  the  lowest  gradation,  and 
maniacal  rage  the  highest.  A  man,  without  passions,  is  as  impos- 
sible to  imagine,  as  a  man  without  desires  ;  yet  we  distinguish  as 
passionate,  those  whose  will  rises  powerfully  towards  one  object 
earnestly  longed  for.  In  the  delirium  of  the  passions,  we  ate  for 
ever  making,  unconsciously,  false  judgments,  of  whicii  the  error  is 
exaggeration.  A  man  recovering  from  a  seizure  .  of  fear,  laughs 
at  the  object  of  his  terror.  Look  at  the  lover  whose  passion'  is 
extinct!  freed,  at  last,  from  the  spell  that  enthralled  him,  all  the' 
perfections  with  which  his  love  had  invested  its  object  are  vanished  ; 
the  illusion  has  passed  away  ;  and  he  can  almost  believe  that  it  is 
she  who  is  no  longer  the  same,  while  himself  alone  is  changed  : 
like  those  maniacs  who,  on  their  return  to  reason,  wonder  at  the 
excesses  of  their  delirium,  and  listen,  incredulously,  to  the  rela- 
tlen  of  their  own  actions.  The  ambitious  man  feeds  on  imagina- 
tions of  wealth  and  power.  He  who  hates,  exaggerates  the  de- 
fects of  the  object  of  his  hatred,  and  sees  crimes  in  his  liglitests 
faults. 

The  affections  of  the  soul,  or  the  passions,  whether  they  come 
by  the  senses,  or  some  disposition  of  the  vital  organs  favour  their 
birth  and  growth,  may  be  ranged  in  two  classes,  according  to- 
their  effects  on  the  economy.  Some  heighten  organic  activity  ; 
such  are  joy,  courage,  hope,  and  love:  whilst  others  slacken  the 
motions  of  life,  as  fear,  grief,  and  hatred.  And^  others  there  are, 
that  produce  the  two  effects  alternately,  or  together.  So  ambi- 
tion, anger,  despair,  pity,  assuming,  like  the  other  passions,  an 
infinite  variety  of  shades,  according  to  the  intensity  of  their  causes, 
individual  constitution,  sex,  age,  &c.  at  times  ircrease,  at  (ir.ies 
abate  the  vital  action,  and  depress  or  exalt  the  powcv  of  the 
organs. 
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The  .nstancos  which  establish  the  powerful  influence  of  tfo 
passions  on  the  animal  economy  are  too  frequent  to  need  reciting, 
Writers,  .n  every  department,  furnish  such  as  shew  that  excess  of 
pleasure,  like  excess  of  pain,  joy  too  lively  or  too  sudden,  as  «te£ 
too  deep  and  too  unexpected,  may  bring  on  the  most  fatal  ace* 
dents  and  even  death.  Without  collecting,  in  this  place,  all  the  ob- 
servations of  the  sort  with  which  books  swarm,  I  shall  content 
^myself  with  referring  to  those  who  have  brought  together  the 
greatest  number  of  facts  under  one  point  of  view;  as  Halter  in  Ml 
Phisiology;  Tissot,   in  his  Treatise  on  Diseases  of  the  nerves- 
Lecamus,  in  his  work  on  Diseases  of  the  Mind;  Bonnefoy,  in  1 
paper  on  the  Passions  of  the  Soul;  inserted  in  the  fifth  volume  of 
the  Collection  of  Prizes,  adjudged  by  the  Academy  of  Surgery. 

The  effects  of  the  passions  are  not,  for  their  uniformity,  the 
less  inexplicable.    How,  and  why  does  anger  give  rise  to  madness, 
to  suppression  of  urine,  to  sudden  death?  How  does  fear  deter, 
mine  paralysis,  convulsions,  epilepsy,  kc.  ?  Why  does  excessive 
joy,  a  sense  of  pleasure  carried  to  extremity,  produce  effects  as 
fatal  as  sad  and  afflicting  impressions?  In  what  way  can  violence 
of  laughter   lead  to  death?    Excess   of  laughter  killed  the 
painter  Zeuxis  and  the  philosopher  Chrysippus,   according  to 
the  relation  of  Pliny.    The  conversion  of  the  reformed  of  the  Ce- 
vennes,  under  Louis  XIV.  was  effected  by  binding  them  on  a 
bench,  and  tickling  the  soles  of  their  feet,  till,  overpowered  by  this 
torture,  they  abjured  their  creed  :  many  died  in  the  convulsions 
and  immoderate  laughter  which  the  tickling  excited.    A  hundred 
volumes  would  be  insufficient  to  detail  all  the  effects  of  the  pas- 
sions on  physical  man ;  how  many  would  it  take  to  tell  their  his. 
tory,  in  moral  man,  from  their  dark  origin,  through  all  their  stages 
of  growth,  in  the  infinite  variety  of  their  characters,  and  in  all  their 
evanescent  shades! 

The  inquiries  of  Physiology  are  directed  to  the  functions  that 
are  carried  on  in  physical  man,  to  the  functions  of  life:  the  study 
of  the  nobler  parts  of  ourselves,  of  those  wonderful  faculties  which 
place  our  kind  above  all  that  have  motion  or  life;  in  a  word,  the 
knowledge  of  moral  and  intellectual  man  belongs  to  the  science 
known  by  the  name  of  metaphysics, or  psychology, of  analysis  of  the 
ti  titter  standing,  but  better  described  by  that  applied  to  it  by  the 
w  riters  uf  onr  days,  ideology.  On  this  science,  you  may  consult, 
with  advantage,   the  philosophical  works  of  Plato  and  Arls- 
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telle,  among  the  ancients;  of  Bacon,  Hobbes,  Locke,  Gon- 
dillac,  Bonnet,  Smith,  Cabanis,  and  Tracy,  among  the  mo- 
derns. 

CLIX.  Of  sleep  and  waking.  The  causes  of  excitation  tp 
which  our. organs  are  exposed  during  waking,  tend  to  increase  pro- 
gressively their  actiou:  the  pulsations  of  the  heart,  for  instance, 
j  n:  much  more  frequent  in  the  evening  than  in  the  morning,  and 
this  motion,  gradually  accelerated,  would  soon  be  carried  to  a  dq- 
grec  of  activity  incompatible  with  the  continuance  of  life,  did  not 
sleep  daily  temper  this  energy,  and  bring  it  down  to  its  due  mea- 
sure. Fever  is  occasioned  by  long  continued  want  of  sleep,  and 
in  all  acute  diseases,  the  exacerbation  comes  on  towards  evening, 
the  night's  sleep  abates  again  the  high  excitation  of  power:,  but 
this  state  of  the  animal  economy,  so  salutary  and  so  desirable  in 
all  stheuic  affections,  is  more  injurious  than  useful  in  diseases,  cou- 
Mstiug  chiefly  in  extreme  debility.  Adynamy  shews  itself, 
almo-t  always,  in  the  morning,  in  putrid  fevers*  and  petechias,  a. 
symptom  of  extreme  weakues.Sj  | break  out  during  sleep.  This 
state  is,  likewise,  favourable  to  the  coming  on  and  to  the  pro- 
gress of  gangrene,  and  this  is  a  u pathological  fact  well,  ascer- 
tained. In  all  the.  cases  I  have  mentioned,  sleep  does  not  improve 
the  condition  of  the  patients;  a  thing  easy  to  conceive,  since  it 
only  adds  to  accidental  debility,  the  essential  characteristic 
of  the  disease,  weakness,  which  is  also  its  principal  charac- 
teristic.   ,  .  ..  , ,  1>K  ......  (j,  /.,;)  „,i~        ,,  yun  mm 

Sleep,  that  momentary  interruption  in  the  communication  of,  the 
senses  with  outward  objects,  maybe  defined  the  repose  of  the 
organs  of  sense,  and  of  voluntary  motion.  During. sleep,  the  in- 
ward or  assimilating  functions  are  going  on:  digestion,  absorp- 
tion, circulation,  respiration,  secretion,  nutrition,  are  carried/on  ; 
some  as  absorption  and  nutrition  with  more  energy  than  during 
w  aking,  whilst  others  are  evidently  slackened.  During  sleep,  the 
pulse  is  slower  and  weaker,  inspiration  is  less  frequent,  insensible 
perspiration,  urine,  and  all  other  humours  derived  from  the  blood, 
are  separated  in  smaller  quantity.  Absorption  is,  on  the  contrary, 
tery  active:  hence  the  danger  of  falling  asleep  in  the  midst  of  a 
noxiou3  air.  It  is  known  that  the  marshy  effluvia,  which  make  t\\e 
Campagna  di  Roma  so  unhealthy,  bring  on,  almost  inevitably, 
intermittent  fevers,  when  the  night  is  passed  there,  whilst 
travellers,  who  go  through  without  stopping,  ar,e  not  affected 
by  it.  \  ; 
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The  human  body  is  a  tolerable  representation  of  the  centripetal 
and  ccnlrifu<ral  powers  of  ancient  physics.    The  motion  of  many 
of  the  Systems  which  enter  into  its  structure  is  directed  from  the 
centre  to  the  circumference:  it  is  a  real  exhalation  that  carries 
out  tlie  result  of  the  perpetual  destruction  of  the  organs;  such  is  the 
action  of  the  heart,  of  the  arteries,  and  of  all  the  secretory  gland?* 
Other  actions,  on  the  contrary,  take  their  direction  from  the  cir. 
cumfcrence  to  the  centre  ;  and  it  is  by  their  means  that  we  are 
incessantly  deriving  from  the  food  we  take  into  the  digestive  pas- 
sages, from  the  air  which  penetrates  the  interior  of  the  lungs,  and 
covers  the  surface  of  the  body,  the  elements  of  its  growth,  and  re- 
pair.   These  two  motions,  in  opposite  directions,  continually  ba- 
lance each  other,  prevailing  by  turns,  according  to  the  age,  the  sex, 
the  state  of  sleep  or  waking.    During  sleep,  the  motions  tend  from 
the  periphery  to  the  centre,  (Hipp.)  and  if  the  organs  that  connect 
us  witli  outward  objects  are  in  repose,  the  inward  parts  are  in 
stronger  exertion.    Suinnus  labor  visceribus.  {Hipp.)    A  man, 
aged  forty  years,  taken  with  a  kind  of  imbecillity,  remained  about 
a  year  and  a  half  at  the  Hospital  of  St.  Louis,  for  the  cure  of  some 
scrophulous  glands;  all  that  long  time  he  remained  constantly  in 
bed,  sleeping  five  sixths  of  the  day,  tortured  with  devouring  hun- 
ger, and  passing  his  short  moments  of  waking  in  eating;  his  diges- 
tion was  always  quick  and  easy;  he  kept  up  his  plumpness,  though 
the  muscular  action  was  extremely  languid,  the  pulse  very  weak 
and  very  slow.    In  this  man,  who  to  use  the  expression  of  Bor- 
deu,  lived  under  the  dominion  of  the  stomach,  the  moral  affec- 
tions were  limited  to  the  desire  of  food  and  of  repose.  Oppressed, 
with  irresistible   sloth,  it  was  never   without  great   dillicul ty 
that  he  could  be  brought  to  take  the  slightest  exercise. 

Waking  may  be  looked  upon  as  a  state  of  effort  and  of  consider- 
able expenditure  of  the  sensitive  and  moving  principle,  by  the 
organs  of  sensation  and  of  motion.  This  principle  would  have 
been  soon  exhausted  by  this  uninterrupted  effusion,  if  long  inter- 
vals of  repose  had  not  favoured  its  restoration.  This  interruption 
in  the  exercise  of  the  senses  and  of  voluntary  motion,  is  of  dura- 
tion corresponding  to  that  of  their  exertion.  J  have  already  said, 
that  there  are  functions  of  such  essential  importance  to  life,  that 
heir  organs  could  be  allowed  but  short  moments  of  repose  ;  but 
that  these  intervals  are  brought  so  close  to  each  other,  that  their 
time  is  equally  divided  between  activity  and  repose.  The  func- 
tion* which  keep  up  our  connexion  with  outward  objects,  could 
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not  be  without  the  capacity  of  continuing,  for  a  certain  time,  in  a 
state  of  equal  activity  :  for  it  is  easy  to  see  how  imperfect,  rela- 
tions inU-rrupted  at  every  moment,  would  have  been;  their  re- 
pose, which  constitutes  sleep,  is  of  equal  duration. 

The  duration  of  sleep  is  from  a  fourth  to  a  third  of  the  day ;  few 
sleep  less  than  six  hours,  or  more  than  eight.  Children,  how- 
ever, require  longer  sleep,  the  more,  the  nearer  they  are  to  th* 
period  of  their  birth.  Old  men,  on  the  contrary,  have  short  sleep, 
light,  and  broken:  as  if,  says  Grimaud,  according  to  Stahl's 
notions,  children  foresaw  that  in  the  long  career  before  them, 
there  were  time  enough  for  performing,  at  leisure,  all  the  acts  of 
life,  while  old  men  mar  to  their  end,  felt  the  necessity  of  hur- 
rying the  enjoyment  of  a  good  already  about  to  escape. 

If  the  sleep  of  a  child  is  long,  and  deep,  and  still,  it  is  the  won- 
derful activity  of  the  assimilating  functions  that  makes  it  so,  and 
perhaps  the  habit  itself  of  sleep,  in  which  he  has  passed  the  first 
nine  months  of  his  life,  or  all  the  time  before  his  birth.  In  ad- 
vanced age,  the  internal  functions  grow  languid  :  their  organs  no 
longer  engage  the  action  of  the  principle  of  life  :  and  the  brain  is 
moreover  so  crowded  with  ideas,  that  it  is  almost  always  kept 
awake  by  them.  Carnivorous  animals  sleep  longer  than  gramini- 
vorous, because  during  waking  they  are  more  in  motion,  and 
perhaps,  too,  because  the  animal  substances  on  which  they  subsist, 
yielding  them  more  nutritious  particles,  from  the  same  bulk,  they 
have  need  of  less  time  for  devouring  their  food  and  providing  for 
their  subsistence.* 

Sleep  is  a  state  essentially  different  from  death,  to  which  some 
authors  have  erroneously  likened  it.+  It  merely  suspends  that 
portion  of  life,  which  serves  to  keep  up  with  outward  objects  an  in- 
tercourse necessary  to  our  existence.  One  may  say  that  sleep  and 
waking  call  each  other,  and  are  of  mutual  necessity.  The  organs 
of  sense  and  motion,  weary  of  acting,  rest  j  but  there  are  many 

*  Probably  (lair  more  powerful  digestion  of  a  more  nutritious  foot!,  bringing 
into  [he  $J*Um  a  morn  sudden  accession  of  blood,  oppresses  them  With  sleep  ;  — 
a  sleep  and  a  fulness  of  blood  required  to  recruit  the  powers  that  have  been  ex- 
hansted  by  the  laborious  quest  of  food,  and  by  the  long  continued  endurance  of 
hunger.  T. 

+  To  say  that  sleep  is  the  image  of  death,  that  vegetables  sleep  always,  i» 
to  use  an  inaccurate  and  unmeaning  expression.  How  can  plants,  without  braiu 
or  nerve/, without  organ*  of  sense,  motion,  or  voice  sleep  ;  when  sleep  is  nothing 
but  the  repo ie  of  these  organs  / 
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circumstances  favouring  this  cessation  of  their  activity.  A  con- 
tinual excitation  of  the  organs  of  sense  would  keep  them  conti- 
nually awake;  the  removal  of  the  material  causes  of  our  sensa- 
tions tends,  therefore,  to  plunge  us  into  the  arms  of  sleep:  where- 
fore we  indulge  in  it  more  voluptuously  in  the  gloom  and  the  still- 
ness of  night*.  Our  organs  fall  asleep  one  after  the  other;  the 
smell,  the  taste,  and  the  sight  are  already  at  rest,  when  the  hearing 
and  the  touch  still  send  up  faint  impressions.  The  perceptions, 
awhile  confused,  in  the  end  disappear;  the  internal  senses  cease 
acting;  as  well  as  the  muscles  allotted  to  voluntary  motion, 
whose  action  is  entirely  subject  to  that  of  the  brain. 

Sleep,  is  a  state,  if  not  altogether  passive,  in  which,  at  least,  the 
activity  of  most  cf  the  organs  is  remarkably  diminished,  and  that 
of  some  of  them  completely  suspended.  It  is  erroneously  then, 
that  some  authors  have  viewed  it  as  an  active  phenomenon,  and  a 
function  of  the  living  economy  :  it  is  only  a  mode  or  manner  of 
being.  It  is  to  no  purpose  they  have  maintained,  that  to  sleep  re- 
quired some  measure  of  strength.  Excessive  fatigue  hinders  sleep, 
merely  by  a  sense  of  pain  iu  all  the  muscles,  a  pain  that  excites 
anew  the  action  of  the  brain,  which  it  keeps  awake,  till  it  is  itself 
overpowered  by  sleep. 

It  has  been  attempted  to  shew  the  proximate  cause  of  sleep. 
Some  have  said  that  it  depends  on  the  collapse  of  the  laminae  of  the 
cerebellum,  which,  as  they  conceive,  are  in  a  state  of  erection 
during  w  aking  ;  and  they  argue  from  the  experiment  in  which  by 
compressing  the  cerebellum  of  a  living  animal,  sleep  is  immedi- 
ately brought  on.  This  sleep,  like  that  produced  by  compression 
of  any  other  part  of  tlie  cerebral  mass,  is  really  a  state  of  disease; 
and  no  more  natural  than  apoplexy.  Others,  conceiving  sleep,  no 
doubt,  analogous  to  this  affection,  ascribe  it  to  the  collection  of 
humours  upon  the  brain,  during  waking.  This  organ,  say  they, 
compressed  by  the  blood  which  obstructs  its  vessels,  falls  iutoa  state 
of  real  stupor.  An  opinion  as  unsupported  as  the  other.  As  long  as 
the  humours  flow  in  abundance  towards  the  brain,  they  keep  up 
in  it  an  excitement  which  is  altogether  unfavourable  to  sleep.  Do 
we  not  know,  that  it  is  enough  that  the  brain  be  strongly  occupied 
by  its  thoughts,  01  vividly  affected,  in  any  way,  to  repel  sleep  ?  Cof- 

*  The  tissue  of  the  eye  lids  is  not  so  opake  but  wc  may  distinguish  through 
them  light  from  darkness:  accordingly  a  lighted  torch,  in  tbe  room,  blnfleri  us 
from  sleeping.    For  the  same  reason,  day  succeeding;  to  night  awakens  us, 
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fee,  spirituous  liquor's,  in  small  quantifies,  will  produce  sleepless* 
liess,  by  exciting  the  force  of  circulation,  and  determining  towards 
the  brain,  a  more  considerable  afiliix  of  blood.  AH,  on  the  other 
hand,  that  may  divert  this  lluid  towards  another  organ,  as  copious 
bleedings,  pediluvium,  purges,  digestion,  copulation,  severe  cold, 
or  whatever  diminishes  the  force  with  which  it  is  driven  towards  it 
as  inebriation,  general  debility,  tends  powerfully  to  promote  sleep. 
In  like  manner,  is  it  observed,  that  while  it " lasts,  the  cerebral 
mass  collapses?  a  sign  that  the  flow  of  blood  into  it  is  remarkably 
lessened. 

The  organs  of  the  senses,  laid  asleep,  in  succession,  awake  in 
the  same  manner.  Sounds  and  light  produce  impressions,  con- 
fused at  first,  on  the  eyes  and  ears;  in  a  little  time,  these  sensa- 
tions grow  distinct;  we  smell,  we  taste,  we  judge  of  bodies  by  the 
touch.  The  organs  of  motion  prepare  for  entering  into  action, 
and  begin  to  act,  at  the  direction  of  the  will.  The  causes  of 
waking  operate  by  determining  a  greater  flow  of  blood  into  the 
brain:  they  include  all  that  can  affect  the  senses,  as  the  return  of 
light  and  of  noise  with  the  rising  of  tlie  sun  ;  at  times,  they  act 
within  us.  Thus,  urine,  fecal  matter,  other  fluids  accumulated  in 
their  reservoirs,  irritate  them,  and  send  up,  towards  the  brain,  an 
agitation  which  assists  in  dispelling  slumber.  Kabit  too,  acts 
upon  this  phenomenon,  as  on  all  those  of  the  nervous  and  sensitive 
system,  with  most  remarkable  influence.  There  are  many  that 
sleep  soundly  amidst  noises  which,  at  first,  kept  them  painfully 
awake.  Whatever  need  he  may  have  of  longer  repose,  a  man 
that  has  fixed  the  daily  hour  of  his  awaking,  will  awake  every 
morning  to  his  hour.  It  is  as  much  under  the  controul  of  (he 
will.  It  is  enough  to  will  it  strongly,  and  we  can  awake  at  any 
hour  we  choose. 

CLX.  Of  dreams  and  somnambulism.  Although  sleep  implies 
the  perfect  repose  of  the  organs  of  sensation  and  of  motion,  some 
of  these  organs  persist  in  their  activity;  which  obliges  us  to  ack- 
nowledge intermediate  states  between  sleep  and  waking,  real 
mixed  situations,  which  belong,  more  or  less,  to  one  or  to  the  other. 
Let  us  suppose,  for  instance,  that  the  imagination  reproduces,  in 
the  brain,  sensations  it  has  formerly  known,  the  intellect  works, 
associates  and  combines  ideas,  often  discordant,  and  sometimes 
natural,  brings  forth  monsters,  horrible,  or  fantastic  or  ridiculous ; 
rai,<-s  joy,  hope,  grief,  surprize  or  terror;  and  all  these  fancies, 
all  these  emotions  arc  recollected  more  or  less  distinctly,  when  we 
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aro  again  awake,  so  as  to  allow  no  doubt  but  that  the  brain  has 
been  really  in  action,  riming  the  repose  of  the  organs  of  sense  and 
motion.  Dreams  is  the  name  given  to  these  phenomena.  Some- 
times we  speak,  in  sleep,  and  this  brings  us  a  little  nearer  to  the 
state  of  waking,  since  to  the  action  of  the  brain  is  added  that  of 
the  organs  of  speech.  Finally,  all  the  relative  functions  are  capa- 
ble of  action,  excepting  the  outward  senses.  The  brain  acts,  and 
determines  the  action  of  the  organs  of  motion  or  speech,  only  in 
consequenceof  former  impressions;  and  this  state,which  differs  from 
waking,  only  by  the  inaction  of  the  senses  is  called  somnam- 
bulism. 

On  this  head  we  meet  with  surprising  relations.  Somnambu- 
lists have  been  seen  to  get  up,  dress,  go  out  of  the  house,  opening 
and  shutting  carefully  all  the  doors,  dig,  draw  water,  hold  ra- 
tional and  connected  discourse,  go  to  bed  again,  and  awake  with- 
out aqy  recollection  of  what  they  had  said  and  done  in  their  sleep. 
This  state  is  always  very  perilous.  For  as  they  proceed  entirely 
upon  former  impressions,  somnambulists  have  no  warning  from 
their  senses,  of  the  dangers  they  are  near.  Accordingly,  they  are 
often  seen  throwing  themselves  out  of  a  window,  or  falling  from 
Toofs,  on  which  they  have  got  up,  without  being  on  that  account 
more  dexterous  in  balancing  themselves  there,  as  the  vulgar  be- 
lieve, in  their  fondness  for  the  marvellous. 

Sometimes,  one  organ  of  sense  remains  open  to  impression, 
and  then  you  can  direct,  at  pleasure,  the  intellectual  action.  Thus, 
you  will  make  him  that  talks  in  his  sleep,  speak  on  what  subject 
you  choose,  and  "steal  from  him  the  confession  of  his  most  secret 
thoughts.  This  fact  may  be  cited  in  proof  of  the  errors  of  the 
senses,  and  of  the  need  there  is  to  correct  them  by  one  another. 

The  condition  of  the  organs  influences  the  subject  of  the  dreams. 
The  superabundance  of  the  seminal  fluid  provokes  libidinous 
dreams  :  those  labouring  under  pituitary  cachexies  will  dream  of 
objects  of  a  hue  like  that  of  their  humours.  The  hydropic  dreams 
of  waters  and  fountains,  whilst  he  who  is  suffering  with  an  in- 
flammatory affection,  sees  all  things  tinged  red,  that  is,  of  the 
colour  of  blood,  the  predominant  humour. 

Difficult  digestion  disturbs  sleep.  If  the  stomach,  over-filled 
with  food,  hinders  the  falling  of  the  diaphragm,  the  chest  dilates, 
with  difficulty,  the  blood,  which  cannot  How  through  the  lungs,  stag- 
nates in  the  right  cavities  of  the heartland  a  painful  sensation  comes 
on,  as  if  an  enormous  weight  lay  upon  the  chest,  and  were  on  the 
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point  of  producing  suffocation  :  we  awake  with  a  start,  to  escape 
from  such  urgent  dinger  :  this  is  what  we  call  night-mare,  an 
aiiVctiou  that  may  arise  from  other  causes,  hydrothorax,  for  in- 
stance, but  which  always  depends  on  the  difficult  passage  of  blood 
through  the  lungs. 

The  intellectual  faculties  which  act  in  dreams,  may  lead  us  to 
certain  orders  of  ideas,  which  we  hate  not  been  able  to  compass 
while  awake. 

Thus  mathematicians  have  accomplished  in  sleep,  the  most  com- 
plex calculations,  and  resolved  the  most  difficult  problems.  It  is 
easily  understood,  how,  in  the  sleep  of  the  outward  senses,  the  sensi- 
tive centre  must  be  giveu  up  altogether  to  the  combination 
of  ideas  in  which  it  must  work  with  more  energy.  It  is 
seldom  that  the  action  of  imagination  on  the  genital  organs,  duriug 
waking,  goes  the  length  of  producing  emission:  nothing  is  more 
common  in  sleep. 

The  human  species  is  not  the  only  one,  that  in  sleep  is  subject  to 
agitations,  which  are  generally  comprehended  under  the  name  of 
dreams  :  they  occur  in  animals,  and  most  in  those,  whose  nature 
is  most  irritable  and  sensible.  Thus  the  dog  and  horse  dream  more 
than  the  ruminating  kinds,  the  one  barks,  the  other  neighs  in  sleep. 
Cows  that  are  suckling  their  calves,  utter  faint  timings  :  bulls  and 
rams  seem  goaded  by  desires,  which  they  express  especially,  by 
peculiar  motions  of  their  lips. 

After  what  has  been  said  of  sleep  and  dreams,  it  will  not  be 
difficult  to  expla  in,  why  there  is  so  little  refreshment  of  the  powers, 
from  sleep  that  is  harrassed  by  uneasy  dreams.  We  often  awake, 
exceedingly  fatigued  with  the  distress  of  imaginary  dangers,  and 
the  efforts  we  have  made  to  escape  them. 

e  have  seen  the.relations  of  man,  with  the  external  world,  esta- 
blished by  means  of  peculiar  organs,  which,  through  the  interven- 
tion of  uerves,  all  centre  in  one,  the  chief  and  essential  seat  of  the 
function  of  which  this  chapter  treats.  As  the  phenomena  of  the 
sensations  are  brought  about  by  the  intervention  of  an  unknown 
agent,  and  as  like  those  of  electricity  and  magnetism,  they  appear 
not  to  be  subject  to  the  ordinary  laws  of  matter  and  motion,  they 
have  thrown  open  the  widest  field  to  the  conjectures  of  ignorance, 
and  the  inventions  of  quackery.  It  U  for  their  explanation,  that 
the  greatest  abundance  of  theories,  and  the  wildest,  have  been 
devised. 

Oo  the  '.'3rd  of  December,  it  is  not  said  in  what  year,  a  physU 
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clan  of  Lyons,  M.  Petcf.n,  was  called  in  to  a  young  lady  of  nine- 
teen, sanguine  and  robust.  She  was  cataleptic.  The  Doctor  em- 
ployed various  remedies;  and  among  others,  one  day  bethought 
himself  of  pushing  over  the  patient  on  her  pillow  ;  he  himself  fell 
with  her,  half  stooping  upon  the  bed,  and  this  led  him  to  the 
"  discovery  of  the  transport  of  the-  sensps  in  the  epigastrium,  to  the 
extremity  of  the  fingers  and  of  the  toes."  I  use  his  own  pompous 
and  barbarous  expressions,  in  announcing  his  discovery.  Our 
Doctor  goes  on  to  tell  with  all  gravity,  how  putting  a  bun  on  the 
epigastrium  of  the  patient,  she  perceived  the  taste,  which  was 
followed  by  motions  of  deglutition  :  if  his  word  is  to  be  taken, 
hearing,  smell,  taste,  sight  ai)d  touch,  were  all  there  :  the  outward 
gerisqs,  being, , for  the  time,  completely  laid  asleep.  To  give  an 
air  of  credibility  to  the  matter,  he  adds,  that  she  saw  the  inside 
of  her  body,  gucased  what  was  in  the  pockets  of  bystanders,  made 
no  mistake  in  the  money  in  their  purses:  but  the  miracle  was  over, 
the  moment  they  lapped  the  objects  in  a  silk  stuff,  a  coat  of  wax, 
pr  interposed  any  other  non-conductor.  Finally,  to  put  to  proof 
the  whole  power  of  faith  in  his  readers,  H.  Petetin  exclaims,  ':  Oh 
prodigy  beyond  conception  !, was  a  thought  formed  in  the  brain 
Without  any  sign  of  it  in  words,  the  patient  was  instantly  acquaint- 
ed with  it.*"  Further  details  pf  so  iucredityle.  a  story  Vould  be 
altogether  superlluous.  .  , 

I  should  not  have  disturbed  the  book  of  M.  Petetin,  from  its 
peaceful  slumber,  among  the  innumerable  pamphlets,  which  Mes- 
merism has  brought  into  the  world,  if  a  writer  on  physiology 
had  not  been  the  dupe  of  this,  mystification,  and  had  not  proceeded 
from  it,  to  write  a  long  chapter  on  the  metastases  of  sensibility. 

If  we  should  be  so  unfortunate  as  to  be  reproached  by  the  lovers 
of  the  marvellous,  with  pushing  scepticism  too  far,  we  must  make 
answer:  that  M.  Petetin  is  the  sole  witness  of  his  miracle  :  (hat  it 
is  impossible,  from  his  relation,  to  know  when  or  on  whom  the  pro- 
digy took  place ;  and  that  this  zealot  of  magnetism  might 
have  invented  this  story  to  confound  the  unbelievers  who  ventured 
to  turn  into  ridicule,  his  system  on  the  electricity  of  the  human 
body. 


Elcctricite  animate,  \  vol.  8vo.  Lyon,  180S. 
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fell  APT  EM  Villi 

ON  MOTION. 

CLXF.  This  Chapter  will  treat  only  of  the  motions  performed  by 
the  muscles  under  the  influence  of  the  will ;  they  are  called  muscles 
of  locomotion,  as  it  is  by  means  of  them,  that  the  body  changes  its 
situation,  inoiesfrom  one  spot  to  another,  avoids  or  seeks  surround- 
ing objects,  draws  them  towards  itself,  grasps  them,  or  repels 
them.  The  internal,  involuntary,  and  organic  motions,  by  means 
of  which  each  function  is  performed,  have,  already,  been  investi- 
gated "separately. 

The  organs  of  motion  may  be  distinguished  into  active  and 
passive  :  the  former  are  the  muscles,  the  latter  the  bones,  and  all 
the  parts  by  which  they  are  articulated.  In  fact,  when  in  conse- 
quence of  an  impression  received  by  the  organs  of  sense,  we  wish 
to  approach  towards  the  object  that  produced  it,  or  to  withdraw 
from  it,  the  muscular  organs,  called  into  action  by  the  brain,  con- 
tract; while  the  bones,  which  obey  this  action,  perform  only 
a  secondary  part,  are  passive  and  may  be  looked  upon  as  levers 
absolutely  inert. 

The  muscles  consist  of  bundles  of  fibres,  always,  to  a  certain 
degree,  red  in  man;  this  colour,  however,  is  not  essential  to  them, 
since  it  may  be  removed  and  the  muscular  tissue  blanched  by  ma- 
ceration cr  by  repeated  washing. 

Whatever  may  be  the  situation,  the  length,  the  breadth,  the 
thickness,  the  form  or  the  direction  of  a  muscle,  it  is  formed  of  a 
collection  of  several  fasciculi  of  fibres,  enveloped  in  a  cellular 
sheath  similar  to  that  which  covers  the  muscle  itself,  and  separates 
it  from  the  surrounding  parts.  Each  fasciculus  is  formed  of  the 
union  of  a  multitude  of  fibres,  so  delicate,  that  anatomy  cannot 
reduce  them  to  their  ultimate  division,  and  that  the  smallest  distin- 
guishable fibre  is  still  formed  by  the  juxtaposition  of  numerous 
fibrillaj  of  incalculable  minuteness.  As  the  last  divisions  of  the 
muscular  fibre  completely  elude  our  means  of  investigation,  it 
would  be  very  absurd  to  attempt  to  explain  their  minute  structure, 
and  after  the  example  of  Muy3  to  write  a  voluminous  work  on 
this  obscure  part  of  physiology.    Shall  we  say,  with  the  above 
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author,  that  cacli  distinguishable  fibre  is  composed  of  three  fibiil„ 
lac  progressively  decreasing  in  size;  with  Leeuwenhook,  that  the 
diameter  of  this  elementary  fibie  is  only  the  hundred  thousandth 
part  of  a  grain  of  sane!  ;  with  Swammerdam,  de  IJeyde,  Cowper, 
Ruysch,  and  Dorelli,  that  this  primitive  fibre  consists  of  a  series  ot 
globular,  rhomboidal  molecules  ;  with  Lecat,  tliat  it  is  nervous  ; 
with  Vieussensand  Willis,  that  it  is  formed  b^  the  extreme  ramifi- 
cations of  arteries  ;  witli  others,  that  it  is  cellular,  tomentous,  &c 
How  is  it  possible  to  speak,  with  any  degree  of  certainty,  of  the 
nature  of  the  parts  of  a  whole  which,  from  its  extreme  minuteness, 
eludes  our  most  accurate  investigations.  To  explain  the  phenoi- 
mena  of  muscular  action,  it  is  sufficient  to  conceive  each  fibre  as 
formed  of  a  series  of  molecules  of  a  peculiar  nature,  united  toge- 
ther by  some  unknown  medium,  whether  that  be  oil,  gluten,  or 
any  other  substance,  but  whose  cohesion  is  manifestly  kept  up  by 
the  vital  power,  since  the  muscles  yield,  after  death,  to  efforts 
by  which,  during  life,  they  would  not  have  been  torn  ;  and  such  is 
their  tenacity,  that  they  are  very  seldom  ruptured. 

These  fibresjwhich,  when  irritated,  p  ossess,in  the  highest  degre**, 
the  power  of  shortening  themselves,  of  contracting,  however  mi- 
nute one  may  suppose  them,  are  supplied  with  vessels  and  nerves, 
jn  fact,  though  they  are  neither  vascular  nor  nervous,  as  may  be 
readily  ascertained  by  comparing  the  bulk  of  the  vessels  and  nerves 
•which  enter  into  the  structure  of  the  muscles,  with  that  of  these 
organs,  and  by  attending  to  the  difference  of  their  properties; 
each  fibre  receives  the  power  of  contracting,  from  the  blood 
brought  to  it  by  the  arteries,  and  from  the  fluid  transmitted  from 
the  brain,  along  the  nerves.  .  A  cellular  sheath  surrounds  these 
fibrillar  (and  the  nerves  and  vessels  perhaps  terminate  within  it), 
others  unite  them  together;  the  fasciculi  of  fibres  are  inclosed  in 
common  sheaths,  and  these  unite,  in  the  same  manner,  into  masses 
varying  in  size,  and  the  union  of  which  forms  the  muscles;  fat 
seldom  accumulates  in  the  cellular  tissue  which  connects  together 
the  smallest  fasciculi;  it  collects,  in  small  quantity,  in  the  intersti- 
ces of  the  more  considerable  fasciculi  ;  lastly,  it  is  in  rather 
greater  quantity,  around  the  muscle  itself.  A  lymphatic  and 
aqueous  vapour  fills  these  cells,  maintains  the  suppleness  of  the 
tissue  and  promotes  the  action  of  the  organ,  which  a  fluid  of  more 
consistence  would  have  impeded. 

The  greater  number  of  muscles  terminate  in  bodies,  in  general 
round,  of  a  brilliant  white  colour,  that  forms  a  striking  contras 


371) 


with  the  red  colour  of  the  muscular  llfsh,  into  which  one  of.  (heir 
extremities  is  imbedded,  while  the  other  extremity  is  attached  to 
the  bone  and  is  lost  in  the  periosteum,  though  the  tendons  are 
quite  distinct  from  it.  The  tendons  are  formed  by  a  collection  of 
longitudinal  and  parallel  fibres;  their  structure  is  more  compact 
thau  that  of  the  muscles,  they  are  harder  and  apparently  receive 
neither  nerves  nor  vessels;  they  consequently  possess  but  a  very, 
iuferior  degree  of  vitality  ;  hence  they  are  frequently  ruptured  by 
the  action  of  the  muscles.  The  muscular  fibres  are  implanted  on 
the  surface  of  the  tendinous  cords,  without  being  continuous  with 
the  filaments  forming  the  latter;  they  join  them  in  a  different 
maimer,  and  at  angles  more  or  less  obtuse. 

The  tendons,  in  penetrating  into  the  llcshy  part  of  the  muscles, 
expand,  become  thinner,  and  form  thus  the  internal  aponeuroses. 
The  externa!  aponeuroses,  independent  of  the  tendois,  though  the 
same  in  structure,  differ  from  them  only  in  the  thinness  and 
greater  surface  of  the  planes  formed  by  their  fibres.  At  one  time, 
they  cover  a  portion  of  the  muscle  to  which  they  belong;  at  ano- 
ther, they  surround  the  whole  limb,  furnishing  points  of  insertion 
to  the  muscles;  they  prevent  the  muscles  and  their  tendiuous  cords 
from  being  displaced  ;  in  a  manner,  direct  their  action  and  in- 
crease their  power,  in  the  same  way  as  a  moderately  tight  girdle 
adds  to  the  power  of  an  athlete. 

We  eamu>t  admit,  with  Pouteau,  that  the  muscles  of  the  limbs 
though  applied  to  the  bones  by  aponeurotic  coverings,  can  become 
displaced,  so  as  to  form  hernia?.  When  they  contract  in  a  wrong 
position,  some  fibrillar  are  torn,  and  this  gives  rise  to  most  of  these 
momentary  and  very  sharp  pains  called  cramp.  1  have,  at  present, 
before  me,  the  case  of  a  young  girl,  in  whom  the  aponeurosis  of 
the  leg,  exposed  in  consequence  of  an  extensive  ulceration,  exfo- 
liated from  the  middle  and  fore  part  of  the  limb  to  the  instep. 
This  exfoliation  was  accompanied  by  a  displacement  of  the  tibialis 
anticus  and  of  the  extensors  of  the  toes  ;  the  leg  is  become  de- 
formed, the  motions  of  extension  of  the  foot  and  toes  are  per- 
formed with  difficulty,  and  will  soon  become  impossible,  when  the 
exfoliation  of  the  tendons  follows  that  of  the  aponeurosis  which 
protected  them  from  the  air. 

CLXII.  When  a  muscle  contracts,  its  fibres  are  corrugated 
transversely,  its  extremities  are  brought  nearer  to  each  other,  then 
recede,  and  again  approach  towards  one  another.  These  undula- 
•tory  oscillations,  which  are  yery  rapid,  are  followed  by  a  slighter 
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degree  of  agitation  ;  the  body  of  the  muscle,  swollen  and  hardened, 
in  its  decurtation,  has  acted  on  the  tendon  in  which  it  terminates: 
the  bone  to  which  the  latter  is  connected  is  set  in  motion,  unless 
other  agents,  more  powerful  than  the  muscle  which  is  in  action, 
prevent  its  yielding  to  that  impulse.  Such  are  the  phenomena 
exhibited  by  the  muscles  exposed  in  a  living  animal  or  in  man, 
when  their  contractions  are  brought  on  by  the  application  cf  a 
stimulus.  But  these  contractions,  determined  by  external  causes, 
are  never  so  strong  or  instantaneous,  as  those  which  are  deter- 
mined  by  the  will,  in  a  powerful  and  sudden  manner.  When  an 
athletic  man  reduced  by  illness,  powerfully  contracts  the  biceps 
muscle  of  the  arm,  this  muscle  is  seen  to  swell  suddenly,  to  stiffen 
and  to  continue  motionless  in  that  state  of  contraction,  as  long  as  the 
cerebral  influence,  or  the  act  of  the  will,  which  determines  it,  lasts. 

Though  the  muscles  manifestly  swell  in  contracting,  and  though 
the  limbs  are  confined  by  the  ligatures  applied  round  them,  the 
whole  bulk  of  the  contractile  organ  diminishes;  it  loses  in  length, 
more  than  it  gains  in  thickness.  This  is  proved  by  Glisson's  ex- 
periment which  cons;sts  in  immersing  the  arm  in  a  vessel  filled  with 
a  fluid,  which  sinks  when  the  muscles  act.  We  cannot,  however, 
estimate  the  diminution  of  bulk,  by  the  degree  in  which  the  fluid 
finks,  since  that  effect  is,  in  part,  owing  to  the  collapse  of 
the  layers  of  the  adipose  tissue,  which  is  compressed  in  the  muscu- 
lar interstices. 

A  sound  state  of  the  vessels  and  nerves  distributed  to  muscles 
is  indispensable  to  their  contraction.  If  the  free  circulation  of  the 
blood  or  of  the  nervous  fluid  is  prevented,  by  tying  the  arteries  or 
nerves;  if  the  return  of  the  blood,  along  the  veins,  is  prevented,  by 
applying  a  ligature  to  these  vessels,  the  muscles  will  be  completely 
palsied.  By  dividing  or  tying  the  nerves,  the  action  of  the  muscles 
to  which  they  are  distributed,  is  suddenly  interrupted.  The  same 
effect  may  be  produced  by  intercepting  the  course  of  the  arterial 
blood,  though  in  a  less  rapid  and  instantaneous  manner;  and  it 
is  very  remarkable,  that  it  is  equally  necessary  that  the  veins  should 
be  as  sound  as  the  arteries,  to  enable  muscular  action  to  take 
place.  Kaaw  Boerhoave  ascertained,  by  actual  experiment,  that^ 
when  a  ligature  is  applied  to  the  vena  cava,  above  the  iliacs,  para- 
lysis of  the  lower  extremities  is  brought  on,  as  when  the  aorta  is 
tied,  as  was  done  by  Steno  in  the  same  situation.  And  this  is  a 
further  proof  of  what  we  have  said  elsewhere,  of  the  stupefying 
qualities  of  the  blood  which  flows  in  the  yeius. 
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The  irritability  of  the  muscles  destined  to  voluntary  motions  is 
pr  oportioned  to  the  size  and  number  of  the  nerves  and  arteries 
which  are  distributed  to  their  tissue.  The  tongue,  which  of  all 
file  contractile  organs  receives  tho  greatest  number  of  cerebral 
irerves,  is,  likewise,  that  which,  of  all  those  under  the  coutroul  of 
the  will,  has  most  extent,  most  freedom,  and  most  variety  of  mo. 
tfottS*.  The  muscles  of  the  larynx,  and  the  intercostals,  receive 
nearly  as  many,  considering  the  smallness  of  these  parts. 

CLXI1I.  Of  all  the  hypotheses  applied  to  the  explanation  of 
the  phenomena  of  muscular  contraction,  that  appears  to  me  the 
most  ingenious  and  the  most  probable,  which  makes  ittodependon 
the  combinations  of  hydrogen,  of  carbon,  of  azote,  and  other  com- 
bustible substances  in  the  fleshy  part  of  the  muscle,  with  the  oxygen 
conveyed  with  the  blood  by  the  arteries. 

To  effect  this  combination,  it  is  necessary,  not  only  that  the 
muscle  be  supplied  with  arterial  blood,  and  that  oxygen  comeiu  con- 
tact with  the  substances  which  jt  is  to  oxydize,  but  it  is  required, 
that  a  stream  of  nervous  fluid  should  penetrate  through  the  tissue  of 
the  muscle,  and  determine  the  decompositions  which  take  place,  as 
the  electrical  spark  gives  rise  to  the  formation  of  water  by  the  com- 
bination of  the  two  gasses  of  which  it  consists.  According  to  this 
theory,  first  proposed  byGirtanner,all  the  changes  which  take  place, 
during  the  contraction  of  a  muselp,  the  turgescence,  the  decurta. 
tion  and  the  induration  of  its  tissue,  its  change  of  temperature  de- 
pend ou  this  reciprocal  action  of  the  elements  of  the  muscular  fibre, 
and  of  the  oxygen  of  arterial  blood. 

Muscular  flesh  is  harder,  firmer,  and  more  pxydized,  accoiding 
as  the  animal  takes  much  exercise.  We  well  know,  what  a  diffe- 
rence there  is,  between  the  flesh  of  wild  and  of  the  domestic  ani- 
mals ;  between  the  flesh  of  our  common  fowl  and  that  of  birds  ac- 
customed to  remain  long  on  the  wing  ;  in  the  former,  it  is  white, 
tender  and  delicate,  while,  in  the  latter,  it  is  tough,  stringy,  dark- 
coloured,  carbonaceous,  and  of  a  very  strong  smell.  Respiration, 


*  It  \i  scarcely  necessary  to  repeat,  that  T  am  not  speaking  of  those  motions, 
■lore  or  les»  involuntary,  performed  by  muscles  which  receive  their  nerves,  in 
part  or  wholly,  from  the  great  syinpathetics.  Though  the  particular  nature  of 
tbe-,e  nerves  has  a  remarkable  influence  on  the  organs  to  which  ihey  are  disti  i, 
b'jted,  we  find,  that  the  general  rule  is  almost  without  exceptions,  for  the  heart 
ilf»d  diaphragm,  which  hold  the  first  rank  among  the  part3  endowed  with  irrita- 
bility, receive  a  considerable  number  of  vessels  and  uerves. 
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of  which  the  principal  use  is  to  impregnate  arterial  blootl  with 
the  oxygen  necessary  to  tho  contractions  of  the  muscular  fibre,  is 
more  complete,  decomposes  the  greater  quantity  of  atmospherical 
air,  in  those  animals  that  are  naturally  destined  to  most  exertion. 
Those  birds  which  support  themselves  in  the  air  by  powerful  and 
frequent  motions,  have,  likewise,  the  most  active  respiration. 
Athletes,  who  astonish  us  by  the  developement  of  their  muscular 
organs,  and  by  the  powerful  efforts  of  which  they  are  capable,  all 
have  a  very  ample  chest,  a  powerful  voice,  and  very  capacious 
lungs*.  In  running,  as  there  is  a  considerable  consumption  of  tho 
principle  of  motion,  we  pant,  that  is,  we  breathe  in  a  hurried  man- 
ner, that  there  may  be  the  greatest  possible  quantity  of  blood 
oxydized  to  perform  the  contractions  necessary  to  the  exercise  of 
running. 

CLXIV.  Of  the  preponderance  of  the  flexors  over  the  ex-ten- 
sorsi-.  The  extensor  muscles  are,  generally,  weaker  than  the 
flexors;  hence  the  most  natural  position,  that  in  which  all  the 
powers  are  naturally  in  equilibrio,  that  which  our  limbs  assume 
during  sleep,  w  hen  the  will  ceases  to  determine  the  vital  influx  to 
the  parts  under  its  controul,  that  in  which  we  can  continue  longest 
•nithout  fatigue,  is  a  medium  between  flexion  and  extension,  a  real 
state  of  semi-flexion. 

Attempts  have  been  made  to  discover  the  cause  of  this  prepon^ 
derance  of  the  flexor  muscles  over  their  antagonists.  According 
to  Borelli,  the  flexors  being  shorter  than  the  extensors  of  the  same 
articulation,  and  contracting  equally  :£ ,  the  former  must  occasion  a 
more  extensive  motion  of  the  limbs,  and  determine  them  towards 


*  I  never  saw  a  very  strong  man  that  had  Bot  broad  shoulders,  which 
indicates  a  considerable  development  of  the  cavity  of  respiration.  If  there  he 
individuals  that  seem  to  be  exceptions  to  this  general  law,  it  is  that  by  frequent 
exercise,  and  by  a  laborious  life,  they  have  increased  the  natural  power  of 
their  muscles.  This  increase  is  seldom  universal,  but  almost  always  limited  to 
ertain  parts  which  have  been  most  employed;  as  the  arras,  the  legs,  or  the 
shoulders. 

t  The  theory  of  the  preponderance  of  the  flexors  is  intirely  my  own  and  was 
first  proposed  by  me,  in  the  collection  of  memoirs  of  the  Medical  Society  of 
Paris,  for  the  year  VII.  of  the  Republic  (1799). 

j'Musculi  flexores  ejnsdem  articuli  breviores  sunt  cxtensoribus,  et  utriquo 
asque  contrahuntur  Prop.  139,  de  inotu  animalium. 
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state  of  flexion.  But  it  is,  in  the  first  place,  incorrect  to  say,  that 
the  flexors  are  shorter  than  the  extensors  ;  and,  in  the  next  pkice, 
if  we  are  ta  estimate,  by  the  length  of  a  muscle,  the  extent  of  mo- 
tionthat  may  be  produced  by  its  action,  we  ought  not  to  measure 
the  whole  of  the  fleshy  part,  nor  to  include  in  the  calculation, 
the  tendinous  cord  which  terminates  it,  but  to  consider  the  length 
of  its  fibres,  on  which  depends  entirely  the  extent  of  motion  pro- 
duced by  its  contractions. 

The  degree  of  decurtation  of  which  a  muscle  is  capable,  is  always 
proportioned  to  the  length  of  its  fleshy  fibres,  as  is  the  power  of 
contraction  to  the  number  of  the  fibres.  Now,  if  the  fibres  of  the 
flexors  are  in  greater  number  than  those  of  the  extensors,  it  follows 
as  a  necessary  consequence,  that  the  limbs  will  be  brought  into 
a  state  of  flexion,  when  the  principle  of  motion  shall  be  distributed 
to  them  in  an  equal  quantity  ;  and  even  though  the  number  of 
fibres  should  be  the  same  in  the  flexors  and  extensors,  the  limbs 
would  still  be  in  a  state  of  flexion,  if  the  fibres  of  the  for- 
mer  being  longer,  they  made  the  parts  move  through  a  greater 
space. 

If  we  examine  the  different  parts  of  the  body,  the  articulations 
of  the  limbs  and  especially  of  the  knee,  the  knowledge  of  which  is 
of  the  highest  importance  in  understanding  the  theory  of  standing, 
it  will  be  seen  that  the  flexor  muscles  exceed  the  extensors,  in  the 
number  and  length  of  their  fleshy  fibres.  If  we  compare  the  bicep3 
cruris,  the  semi  tendinosus,  the  semi  mcmbranosus,the  rectus  inter- 
num, the  sartorius,  the  gemelli,  the  plantaris  and  the  popliteus, 
which  all  concur  in  the  flexion  of  the  leg,  to  the  triceps  cruris  and 
to  the  rectus,  which  extend  the  leg,  we  shall  readily  understand 
that  the  fibres  of  these  last  are  much  shorter,  and  in  smaller  num. 
ber.  Those  of  the  sartorius  and  rectus  interims  are  the  longest  of 
all  the  muscles  employed  in  voluntary  motion  ;  the  fibres  of  the 
posterior  muscles  of  the  limb  are  not  inferior  in  length  to  the  fibres 
of  the  muscles  at  the  fore  part. 

Besides,  the  flexor  muscles  arc  inserted  into  the  bones  which  they 
are  to  move, farther  from  their  centre  of  motion.  In  fact,  if  the  inser- 
tion of  thesemi  membranosus  is  situated  nearly  at  the  same  height, 
the  sartorius  the  rectus  interims,  the  semi  tendinosus,  the  biceps 
and  the  popliteus  are  inserted  lower  than  the  extensors  of  the  leg. 
But  this  difference  is  particularly  observable  in  the  plantaris  and 
gemelli,  which  terminate  at  the  greatest  possible  distance  from  the 
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centre  of  motion,  and  which  act  with  a  very  long  lovet*:  last?^ 
most  of  those  muscles  depart  much  more  than  the  extensors,  from 
a  parallel  direction  to  the  bones  of  the  leg.  We  all  know  the 
curved  line  of  the  course  of  the  sartorius,  of  the  rectus  iulernu3 
and  semi  tendinosus,  by  which  the  angle  of  their  insertion  becomes 
more  favourable. 

The  flexor  muscles  which,  oil  their  being  first  called  into  action^ 
are  nearly  parallel  to  the  levers  which  they  are  to  move,  tend  to 
become  perpendicular  to  them,  in  proportion  as  the  motion  of 
flexion  is  carried  on.  Thus,  the  brachialis,  the  biceps  brachii, 
and  the  supinator  longus,  the  mean  line  of  direction  of  which  is 
nearly  parallel  to  that  of  the  bones  of  the  fore  arm,  when  thb 
flexion  of  this  limb  commences,  become  oblique,  then  perpendicu- 
lar to  this  bone,  and  at  last  form  with  it  the  angle  most  favourable 
to  their  action.  The  same  applies  to  the  flexors  of  the  leg  ;  the 
angle  of  their  insertion  becomes  greater,  the  more  It  bends  on  the 
thigh.  The  extensors,  on  the  contrary,  are  in  the  most  favourable 
state  for  action,  at  the  moment  when  their  contraction  begins,  in 
proportion  as  the  extension  goes  on,  they  have  a  tendency  to  be- 
come parallel  to  the  leveis  which  they  set  in  motion;  their  action 
even  ceases  before  the  parallelism  is  complete,  at  the  elbow  by  the 
resistance  of  the  olecranon,  and  at  the  knee,  by  the  numerous  liga- 
ments and  by  the  tendons  situated  towards  the  posterior  part  of 
the  articulation. 

The  flexor  muscles  have,  therefore,  fibres  of  greater  length  and 
more  numerous  than  those  of  the  extensors.  They  are  inserted 
into  the  bones,  at  a  greater  distance  from  the  centre  of  their  mo- 
tion, at  an  angle  less  acute  and  which  increases  iu  size,  as  the 
limbs  bend.  The  union  of  these  causes  gives  to  the  limbs  their 
superior  power,  and  the  greater  range  of  motion  in  these  mus- 
cles, is  a  consequence  of  the  arrangement  of  the  articulating 
surfaces,  which  almost  all  incline  towards  the  side  of  flexion. 


*  We  may,  in  this  respect,  compare  the  gemelli  to  the  supinator  longus,  th« 
iise  of  which  is  not  limited,  as  was  shewn  by  Heister,  to  the  supination  of  the 
hand,  but  which  is,  likewise,  a  flexor  of  the  forearm,  and  acts  the  more  power- 
fully, as  its  inferior  insertion  is  at  a  greater  distance  from  the  elbow  joint, 
and  as  its  fibres  are  the  longest  of  all  those  of  the  muscles  of  the  upper 
extremity. 
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This  preponderance  of  (he  flexor  muscles, varies  according  to  the 
different  periods  of  life;  iu  the  feetns,  the  parts  are  all  bent  very 
considerably;  this  convolution  of  the  voting  animal  may  be  per- 
ceived from  the  earliest  period  of  gestation,  when  the  embryo,  of 
the  size  of  a  Freuch  bean,  and  suspended  by  the  umbilical  cord, 
floats  in  the  midst  of  the  liquor  amnii,  in  a  cavity  in  which  it  is 
more  and  more  confined,  as  it  approaches  to  (lie  period  of  i(6 
birth.    This  excessive  flexion  of  the  parts,  which  was  required  to 
enable  the  produce  of  conception  to. accommodate  itself  to  the 
elliptical  shape  of  the  uterus,  concurs  in  giving  to  the  muscles  which 
produce  it,  the  superiority  which  they  retain  during  the  remain- 
der of  life.    The  new-born  child  preserves,  iu  a  very  remarkable 
manner,  the  habits  of  gestation ;  but,. in  proportion  ns  it  grows,  if 
straightens  its  body,  and,,  by  frequent  attempts  to  stretch  itself 
shews  that  a  just  proportion  is  about  to  take  place,  between  the 
muscular  powers.    When  the  child  becomes;  capable  of  standing 
erect,  abandoned  to  its  own  powers,,  all  its  parts  are  in  a  state  of 
semi  flexion,  it  staggers  and  is  unsteady  on  its  Ux-t.    Towards  the 
middle  of  life,  the  preponderance  of  the  flexors  over  the  extensors 
becomes  less  apparent;  a  man  enjoys  fully  and  completely  .his 
power  of  locomotion  ;  but,  as  he  advances  in  years, this  power  for- 
sakes him ;  the  extensor  muscles  gradually  return  to  the  state  of 
comparative  debility  of  infancy,  and  become  incapable  of  support- 
ing the  body,  in  a  fixed  and  permanent  manner. 

CLXV7.  The  state  of  our  limbs,  during  sleep,  approaches  to 
that  of  the  fcetus,  which  according  to  Ruifpn,  may  be  considered 
to  be  in  a  profound  slumber.  The  cessation  of  sleep  is  attended  in 
man,  as  well  as  in  most  animals,  by  frequent  stretchings.  We  ex- 
tend our  limbs  forcibly,  to  give  to  the  extensors,  the  tone  which 
they  require  during  the  state  of  waking*.  Barthez  accounts,  in  the 
same  way,  for  the  manner  in  which  the  cock  announces  his  waking, 
by  crowing  and  flapping  his  wings. 

ft  may  happen,  in  consequence  of  a  morbid  determination  of 
the  vital  principle,  that  our  limbs  may  remain  in  a  state  of  exteh. 
s:on  during  sleep.    Jicnce  Hippocrates  recommends,  that  the  state, 

*  HaDcr  thinks  that  these  extensions  are  intended  to  relieve  the  uneasy  sen- 
«itions  occasioned  by  a  long  continued  flexion.    jV'itnc  quidem  homines  and  ant~. 
matin  txlendunl  arlus,  quod  tit  fere  conjlcxh  dormianl,  U  ex  co  ptrpituo  situ,  in 
muicuiis  senilis  incommodut  orfalur,  quern  extentionc  to  Hunt,  (j/htcnomtna  tx- 
jpcrgisccnlium,  Elcmenta  physiologicc,  torn.  V.  p.  621. 

3  D 


386 


of  (he  limbs  be  carefully  attended  to,  while  the  patient  sleeps,  for. 
as  he  observes,  the  further  that  condition  is  from  thenafural  state, 
the  greater  the  danger  to  be  apprehended  of  the  patient's  life.  In 
certain  nervous  diseases  characterized  by  a  manifest  aberration  in 
the  distribution  of  the  vital  power,  a  continued  state  ef  extension 
must  be  considered  a  symptom  highly  dangerous;  I  have  had  se. 
veral  times  occasion  to  observe,  that  in  cai.es  of  wounds  attended 
with  convulsions  and  tetanus,  these  alarming  affections  were  an. 
nouueed  by  the  permanent  extension  of  the  limbs  during  sleep,  be 
fore  a  difficulty  of  moving  the  jaw  could  give  rise  to  any  apprehen- 
sion of  their  approach. 

Disease  and  excesses  of  all  kinds,occasion  in  the  extensor  muscles 
a  relative  weakness  that  is  very  remarkable,  hence  we  see  con. 
valescents,  and  those  who  have  been  addicted  to  voluptuousness, 
•walk  with  bending  knees,  the  more  so  as  their  debility  is  greater 
and  as  the  force  of  the  extensors  is  more  completely  exhausted. 
The  flexion  of  the  knees  is  then  limited  by  that  condition  in  whi<  h 
the  tendons  of  the  extensors  of  the  leg  act  on  the  tibia,  at  an  angle 
sufficiently  great  to  make  up  for  their  diminished  energy.  There 
exists  a  condition  of  the  animal  economy,  in  which  all  the  muscular 
organs  appear  wearied  with  exertion,  and  the  limbs  assume  indif- 
ferently any  position.  In  this  state,  which  is  always  a  very 
serious  one,  as  it  indicates  an  almost  complete  want  of  action  in  a 
system  of  organs  whose  functions  are  absolutely  essential  to  life, 
a  state  to  which  physicians  have  given  the  name  of  proslra. 
tion*^  the  limbs  if  unsupported,  fall  of  their  own  weight,  as  if  they 
were  palsied  ;  the  trunk  is  motionless  and  supiue. — The  patient  is 
incapable  of  changing  his  attitude,  and  yielding  to  the  weight  of 
his  body,  sinks  on  the  inclined  plane  formed  by  the  bed,  and 
seems  very  heavy  to  those  who  may  attempt  to  raise  him,  be. 


*  It  is  from  a  knowledge  of  the  strength  of  his  patient,  that  the  physician, 
in  the  treatment  of  disease,  deduces  the  most  instructive  indication?.  It  seems 
to  me,  that  we  ought  to  endeavour  to  characterize  by  specific  terms,  the  diffe- 
rent states  of  animal  adynamia  in  different  diseases.  Our  language,  less  fruiU 
ful  in  imagery  than  the  ancient  languages,  will  not  easily  furnish  these  cha- 
racteristic denominations,  so  useful  in  a  science  which  should  paint  objects  in 
their  truest  colours,  in  terms  most  approaching  to  nature.  It  will,  therefore, 
be  necessary  to  have  recourse  to  the  Gieek  and  Latin  languages, and  perhaps  to 
give  the  preference  to  the  latter,  which  is  generally  understood  by  those  who 
practise  the  art  of  healiDj.    The  application  of  this  principle,  to  the  different 
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fcuHt;  from  his  helplessuess,  he  requires  to  be  moved  as  art  inert 
substance. 

C  LX  Yi.  Of  (he  power  of  the  mu  sles,  of  the  mode  of  estimating 
that  fxtvoer.    The  actual  power  of  the  muscles  is  immensely  great, 
seems  to  grow,  in  proportion  to  the  resistance  which  it  meets  with, 
and  can  never  be  estimated  with  precision.  Borelli  was  guilty  pf  a 
serious  mistake,  in  estimating  the  force  of  a  muscle  by  its  weight, 
compared  to  that  of  another  muscle,  for,  muscles,  may  contain 
cellular  tissue,  fat,  tendinous  parts,  and  aponeuroses,  without 
being  the  more  powerful.    Their  strength  is  always  proportioned 
to  the  number  of  their  fleshy  fibres  ;  hence,  Nature  has  multiplied 
those  fibres  in  the  muscles  which  are  intended  for  powerful  action. 
And  in  order  that  this  great  number  of  muscular  fibres  might  not 
add  too  much  to  the  bulk  of  the  limbs,  they  are  made  shorter, 
by  bringing  near  to  each  other  their  insertions,  which  occupy  ex- 
tensive sufacesj  whether  aponeurotic  or  osseous.    We  may,  in 
general,  judge  of  the  power  of  a  muscle,  by  the  exleut  of  the  sur- 
faces to  which  its  fleshy  fibres  are  attached  ;  thus,  the  gemelli  and 
the  soleus  have  short  compressed  fibres,  aud  lying  obliquely  be- 
tween two  large  aponeuroses. 

If  the  force  with  which  a  muscle  contracts,  is  proportioned  to 
the  number  of  its  fibres,  the  degree  of  decurtation  of  which  it  is 
capable,  and  consequently,  the  range  of  motions  which  it  can 
communicate  to  the  limbs,  are  proportioned  to  the  length  of  the 
same  fibres.  Thus,  the  sartorius  whose  fibres  are  longer  than  any 
in  the  human  body,  is  also  capable  of  most  contraction,  aud  per- 
forms the  most  considerable  motions  of  the  leg.  It  Is  impossible 
to  fix  any  precise  limits  to  the  decurtation  of  every  particular 
muscular  fibre ;  for,  if  the  greater  part  of  the  long  muscles  of  limbs 
lose  little  more  than  a  third  of  their  length,  in  contracting,  the 


kinds  of  fever  will  prove  its  utility,  and  will,  doubtless,  be  an  inducement  to 

c.lend  it  to  all  the  classes  of  morbid  derangements. 

In  fehre  iuflammatoria  seu  sj  nocbo  simplici  ^angeio-) 

Unic'i;  S  Oppressio  virium. 

In  febre  biliosft  3eu  ardente  (meningo-gastrica)  Fractura  virium. 

In  febre  piluitosa,  seu  morbo  muco^o  (adenomeningea)'  Languor  virium. 
In  febre  putrida  ( adynamicn)  Prostratio  virium. 

In  f..bribu3  malignis  seu  atactis  ,    Ataxia  virium. 

In  febre  pe»tilmiiali  (adeno-ncrvosa)  Siderotic*  virium. 

The  firit  term  which  is  easily  turned  into  French,  expresses,  with  much  pre- 
dion, tint  condition  in  which  the  living  syitetn,  far  from  being  deficient  in 
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circular  fibres  of  the.  stomach  which,  in  its  greatest  dilatation,  form 
circles  nearly  a  foot  in  diameter,  may  contract,  to  such  a  degree, 
■when  this  organ  has  been  long  empty,  as  to  form  rings  of  scarcely 
an  inch  in  circumference.  J  n  en itfs  of  extreme  elongation  or  con- 
striction, does  the  change  that  takes  place,  affect  the  molecules  that 
form  the  muscular  fibre,  or  the  substances  which  connect  them 
together,  or  docs  it  affect,  at  once,  both  the  fibre  and  the  parts 
by  which  these  fibres  are  united  together? 

However  great  the  power  of  the  muscles  may  be,  a  great  part  of 
this  power  is  lost,  from  the  unfavourable  disposition  of  our  organs 
of  motion;  the  muscular  powers,  almost  always,  parallel  to  the 
bones  which  they  are  to  move,  act  with  the  more  disadvantage 
on  these  levers,  as  the  mean  line  of  their  direction  is  further 
from  the  perpendicular,  and  is  nearly  parallel  to  them. 

The  greater  part  of  muscles  are,  besides,  inserted  in  the  bones, 
Tery  near  their  articulations  or  the  centre  of  motion,  and  move 
them  as  levers  of  the  third  kind,  that  is,  are  always  placed  between 
the  fulcrum  and  the  resistance:  by  multiplying  thus,  in  the  animal 
machine,  the  levers  of  the  third  kind,  Nature  has  lost  in  power, 
"but  has  gained  in  strength,  for,  in  this  kind  of  lever,  the  power 
moves  through  a  very  small  space,  but  makes  the  resistance  move 
through  a  very  considerable  one.  Besides,  >the  fleshy  fibres,  in 
shortening  themselves,  do  not  act  directly  on  the  tendon  in  -which 
the  muscle  terminates,  these  fibres  generally  join,  in  an  oblique  di- 
rection, the  aponeurotic  expansion  formed  by  the  tendinous  cord, 
as  it  penetrates  into  the  muscular  mass;  now  their  action  being 
exerted  in  a  direction  more  or  less  oblique,  is  decomposed  and 
none  is  advantageously  employed,  but  that  which  takes  place  in 
the  direction  of  the  tendon.  The  muscles  frequently  pass  over 
several  articulations,  in  their  way  to  the  bene  which  they  are  to 

itrengtli,  is  encumbered  by  its  cxress  and  is  oppressed  by  its  own  powers.  It 
might,  with  slight  modifications,  be  applied  to  all  the  kinds  of  phlegmasia;  and 
active  hemorrhages.  v 

The  second  denomination,  not  ro  easily  translated,  expresses  the  sense  of  ge- 
neral contusion  and  bruise,  of  patients  labouring  under  bilious  fever  (meningo- 
gastrica )  complain  all  over  their  limbs. 

This  scniatinn  is,  likewise,  it  is  true,  experienced  in  pituitary  fever,  but  this 
is  more  particularly  characterized  by  languor  and  loss  of  strength.  The  same 
is  to  be  observed  in  many  patients  of  a  phlegmatic  temperament. 

The  prostration,  w  hich  is  so  remarkable  a  character  of  putrid  fevers,  and  in 
consequence  of  which  they  arc  called  adyramic,  is  easily  recognized  by  tbe 
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move;  a  part  of  their  power  is  lost,  in  (ha  different  degrees  of 
motion  on  each  other,  of  the  parts  on  which  the  bone  rests  into 
which  the  muscles  are  inserted.  All  these  organic  imperfections 
are  attended  with  an  enormous  misapplication  of  power  and  with 
a  waste  of  the  greater  part  of  it.  It  has  been  reckoned,  that  the 
deltoid  muscle  employs  a  power  equal  to  256S  pounds  to  over- 
come a  resistance  of  50.  We  are  not  to  imagine,  however,  that 
there  is  a  loss  of  2518  pounds;  for  the  deltoid  muscle  acting  Jboth 
on  the  shoulder  and  on  the  arm,  about  one  half  of  its  power  is  em- 
ployed on  pach  of  these  parts;  hence  it  is  said,  that  in  estimating 
the  whole  power  of  a  muscle,  one  should  double  the  effect  pro- 
duced by  its  contraction,  its  action  being  applied,  at  the  same 
time,  both  on  the  weight  -which  it  raises,  or  on  the  resistance  which 
it  overcomes,  and  on  the  fixed  point  to  which  its  other  extremity 
is  inserted. 

If  the  muscles  were  quite  parallel  to  the  bones,  they  would  be 
incapable  of  moving  them,  in  any  direction.  On  this  account,  Na- 
ture has,  as  much  as  possible,  corrected  the  parallelism,  by  re- 
moving, as  we  shall  see,  in  speaking  of  the  osseous  system,  the 
tendons  from  the  middle  line  of  direction  of  the  bones,  and  by  aug- 
menting the  angles  at  which  they  are  inserted  into  them,  either  by 
placing,  along  their  course,  bones  which  alter  their  direction,  as 
the  patella  and  the  sesamoid  bones  ;  by  increasing  the  size  of  the 
articular  extremities  of  the  bones,  or  by  pullies,  over  which  the 
tendons  or  the  muscles  themselves  are  reflected,  more  or  less 
completely,  as  is  the  case  with  the  circumllexus  palati  and  the  ob- 
turator interims. 

Nature  has  not,  therefore,  neglected  mechanical  advantages  as 
much  as  one  might  be  led  to  imagine,  on  a  slight  examination  of 
the  organs  of  motion.  And  if  it  be  considered,  that  in  the  different 
conditions  of  life,  we  do  not  require  strength  so  much  as  rapidity 

ti Ht  tk\ 'frtirrt  Hrftlfaitnii  ■  dht^i fti '  '  ill  1  i  i^l  I  l/li'i  If  1  li  "til 

^••▼w ^Wr*-^  TWFTtjvi j  frFViif  ^inifwi  7  *J a K 

total  cessation,  or  by  an  impaired  condition  of  all  the  functions  performed  by 
muscular  organs,  as  voluntary  motion,  respiration,  circulation,  digestion,  the 
excretion  of  urine,  &c. 

The  disordered  condition  of  the  vilal  powers  characterizes  the  ataxia:;  there 
is  considerable  irregularity  in  these  fevers,  with  a  very  anomalous  course  of 
symptoms.  In  this  point  of  view,  one  might  compare  it  to  several  kinds  t* 
nervous  disorders. 

Lastly,  the  word  syderntion  appear?  to  me  to  express,  very  forcibly,  that 

tudden  and  Jeep  siuj  or  which  overwhelms  patient*  seized  with  the  plague  of 

the  East. 


6f  motion,  that  tlie  power  might  He  gained  by  increasing  the  num' 
ber  of  libres,  while  it  was  impossible  to  obtain  velocity,  by  any 
other  means  than  by  employing  a  particular  kind  of  lever,  and  that, 
in  short,  to  give  our  limbs  the  most  advantageous  form,  it  wa9 
necessary  that  the  muscles  should  be  applied  to  the  bones,  it  will 
be  confessed,  that  in  the  arrangement  of  these  organs,  Nature,  in 
frequently  sacrificing  power  to  quickness  of  motion,  has  conci- 
liated, as  much  as  possible,  those  two  almost  irreconcileable 
elements. 

Though  the  lever  of  the  third  kind  is  that  most  frequently  em- 
ployed in  the  animal  economy,  the  two  other  kinds  of  lever  are 
not  altogether  excluded  from  it ;  there  are  even  limbs  w  hich  repre- 
sent diilerent  levers,  according  to  the  muscles  which  set  them  in 
motion  ;  thus,  if  we  take  the  foot  as  an  instance,  it  will  present  us 
with  levers  of  every  kind.  The  foot,  when  raised  from  the  ground 
and  held  up  and  raised  towards  the  leg,  forms  a  lever  of  the  first 
kind;  the  fulcrum  is  in  the  articulation  and  separates  the  power, 
■which  is  at  the  heel,  from  the  resistance  which  is  at  the  tip  of  the 
foot  that  points  downwards;  if  this  end  of  the  foot  re^t  on 
the  ground,  and  if  we  stand  on  tip-toe,  they  are  changed  ii  to  lever* 
of  the  second  kind;  the  power  contiuues  at  the  heel,  but  the  ful- 
crum is  removed  to  (he  other  extremity  of  the  lever,  and  the  re- 
sistance to  the  middle;  and  this  resistance  is  very  considerable r 
since  the  whole  weight  of  the  body  rests  on  the  articulation  of  (he 
foot  with  the  leg.  In  standing  on  tip-toe,  the  muscles  of  the  calf 
of  the  leg  become  prodigiously  fatigued,  though  their  action  is  as- 
sisted by  the  most  favourable  lever*,  adapted  to  the  greatest  resis- 
tance which  nature  can  oppose  to  herself.  Lastly,  the  foot 
moves  as  a  lever  of  the  third  kind,  when  we  bend  it  on 
the  leg. 

CLXVII.  What  is  called  the  fixed  point,  in  the  action  of  mus- 
cular organs,  does  not  always  deserve  that  name.  Thus,  though 
it  may  be  said,  very  correctly,  that  the  greater  part  of  (he  muscles 
of  the  thigh  have  their  fixed  point  in  the  bones  of  the  pelvis,  to 
which  their  upper  extremity  is  attached,  and  (hough  (hey  move 
the  femur  on  the  ilia  which  are  less  moveable;  when  the  thigh  is 


*  Of  levers  with  arms  of  unequal  length,  that  of  the  second  kind  is  the  most, 
favourable,  siucc  the  aria  of  lite  power  is  uniformly  longer  than  that  of  the  re- 
sistance. 
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fixed  by  the  action  of  other  muscles,  these  more  the  pelvis  on  the 
thigh,  and  that  which  was  tiie  fixed  point,  becomes  moveable. 
The  same  applies  to  the  other  muscles  of  the  body,  so  that  the 
fixed  point  is  merely  that  which,  generally,  is  a  fulcrum  to  the 
muscular  action.  This  necessary  fixed  state  of  one  of  the  bones, 
to  which  is  attached  one  of  the  extremities  of  a  muscle  which  we 
wish  to  contract,  renders  it  necessary,  in  performing  the  slightest 
motion,  that  several  muscles  should  be  called  into  action,  which 
implies  a  very  complicated  mechanism.  Nothing  is  easier  to  prove. 
Suppose  a  man  stretched  on  the  ground  or  lying  on  his  back  ;  if 
he  wish  to  raise  his  head,  it  will  be  necessary  that  his  chest  be- 
come the  fixed  point  of  action  of  the  sterno  cleido  mastoidei, 
whose  office  it  is  to  perform  this  motion.  Now,  in  order  that  the 
pieces  forming  this  osseous  structure  may  remain  motionless,  it  will 
fie  required,  that  the  chest  should  be  fixed  by  the  action  of  the  ab- 
dominal muscles  which,  on  the  other  hand,  have  their  fixed  point 
in  the  pelvis  that  is  itself  fixed  in  its  place,  by  the  contraction  of 
the  glutaei  muscles.  It  was  on  this  principle  that  Winslow  first 
suggested,  that  in  reducing  a  hernia,  the  patient  should  be  laid  in 
an  horizontal  posture,  with  injunctions  not  to  raise  his  head,  that 
the  abdominal  muscles  being  relaxed,  their  difierent  openings  might 
yield  more  easily  to  the  reduction  of  the  parts. 

In  case  the  two  opposite  points  to  which  the  extremities  of  a 
muscle  are  attached,  are  equally  moveable,  they  approach  towards 
each  other,  during  the  contraction  of  the  muscle,  by  making  them 
move  through  equal  spaces.  These  spaces  would  not  be  equal,  if 
the  mobility  were  difierent.  Each  muscle  has  its  antagonist,  that 
is,  another  muscle  whose  action  is  directly  opposed  to  it.  Thus, 
the  flexors  balance  the  action  of  the  extensors,  the  adductors  per* 
form  motions  different  from  those  of  the  abductors.  When  two 
antagonizing  muscles  of  equal  power  act,  at  the  same  time,  on  a 
part  equally  moveable,  in  every  direction,  the  opposite  powers 
neutralize  each  other,  and  the  part  remains  motionless.  If  there  is 
a  difference  in  the  degree  of  contraction,  the  part  is  directed  to- 
wards the  muscle  whose  contraction  is  the  most  powerful:  if  the 
opposition  is  not  direct,  the  part  follows  a  middle  direction,  be- 
tween the  two  powers  which  move  it.  Thus,  the  rectus  externus 
muscle  of  the  eye  is  not  antagonized  by  the  rectus  inferior;  hence 
w lien  these  two  muscles  come  to  contract,  at  the  same  time,  the 
fcye  is  not  carried  downward  or  outward,  but  at  onco  downwaid 
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and  outward  ;  it  is  then  said  to  move  in  the  diagonal  of  a  pa. 
railelogram  of  which  the  sides  are  represented  by  the  muscles  iti 
action. 

CLXVIIL  Of  the  nature  of  muscular  Jlcsh.  I  shall  not 
speak,  at  present,  of  the  manner  in  which  the  muscles  receive  nou- 
rishment, by  retaining  within  the  meshes  of  their  tissue,  the  fibrina 
which  the  blood  conveys  to  them  in  such  quantity,  that  several 
among  the  anc'tents  and  moderns  have  called  the  blood,  "  liquid 
flesh  ;  an  expression  at  once  forcible  and  correct,  since  all  the 
organs  are  repaired  and  grow,  by  the  solidification  of  its  different 
parts.  Hall  or  first  observed  that  most  of  the  muscular  arteries 
>vere  very  tortuous  in  their  course  to  the  muscles.  This  disposi- 
tion which  cannot  fail  to  slacken,  very  considerably,  the  course  of 
the  blood,  favours  the  formation  and  the  secretion  of  the  fibrous 
element  which  the  muscles  appropriate  to  their  own  substance,  and 
to  which  it  bears  so  strong  an  affinity.  Motion  influences,  in  a 
very  remarkable  manner,  this  nutritive  secretion.  The  muscles 
that  are  mo6t  in  action,  uniformly  acquire  the  greatest  size  and 
strength;  if  left  in  a  state  of  complete  inaction,  they  become  ex- 
ceedingly reduced  in  size,  from  the  suspended  secretion  of  the 
fibrinous  principle.  Muscular  motion  promotes,  very  remai 
b!y,  the  circulation  and  the  distribution  of  all  the  fluids.  The  flow 
of  venous  blood,  after  bleeding,  is  never  copious,  unless  the  niutcles 
of  the  fore  arm  are  made  to  contract,  by  making  the  patient 
hold  the  lancet  case,  and  desiring  him  to  move  it  round  in  his 
hand. 

The  chemical  nature  of  the  muscular  fibre  is  nearly  the  same  as 
that  of  the  fibrina  obtained  from  the  blood*.  Like  the  latter,  it 
contains  a  great  quantity  of  azote,  and  is,  consequently,  very  much, 
animalized  and  exceedingly  putrescent.  It  is  from  muscular  flesh, 
that  M.  Berthollet  obtained,  in  considerable  quantity,  the  peculiar 
animal  acid,  called  by  that  chemist,  the  zoonic.  acid.  Lastly,  the 
element  of  the  blood,  by  means  of  which  the  muscular  llesh  is 

*  Nothing  can  prove,  in  a  more  complete  manner,  Ihe  essential  difference  be- 
tween the  fleshy  parts  of  muscles  and  their  tendinous  and  aponeurotic  parts, 
than  the  chemical  analysis  o*f  these  organs.  The  tendons  and  aponeuroses  may- 
be completely  resolved  into  gelatine,  by  long  boiling,  which,  on  Ihe  contrary, 
parches  the  muscular  llesh,  by  exposing  tb"  fibrina,  in  consequence  of  the  melt- 
1112  of  the  fat,  of  the  cellular  tissue,  and  of  llic  albuminous  juices  in  which  it  is 
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repaired,  libiiua,  is  already  imbued  with  vital  properties,  even 
while  it  jet  Hows  in  a  state  of  combination  with  the  other  parts  of 
the  fluid.  This  fibrina,  extracted  from  the  blood  and  subjected  to 
the  galvanic  influence,  is  distinctly  seen  to  quiver  and  contract 
under  tiiat  influence.  At  what  period  does  this  substance  acquire 
the  power  of  contracting  ?  It  is,  doubtless,  at  the  moment  when  it 
becomes  organized,  in  passing  from  the  liquid  to  the  solid  state. 
What  relation  does  there  exist,  between  the  organization  of  mat- 
ter and  the  vital  properties  with  which  it  is  endowed?  This  ques- 
tion cannot  be  answered,  iu  the  present  state  of  our  physiological 
knowledge. 

CLXIX.  A  Professor  of  Anatomy  in  the  University  of  Bo- 
logna, Galvani,  was  one  day  making  experiments  on  electricity. 
In  the  laboratory,  not  far  from  the  mnehiue,  lay  some  skinned 
frogs,  of  which  the  limbs  were  convulsed  every  time  a  spark  was 
taken.  Galvani,  struck  with  the  phenomenon,  made  it  a  subject 
of  inquiry,  and  found  that  metals,  applied  to  the  nerves  and  to 
the  muscles  of  these  animals,  determined  quick  and  strong  con- 
tractions, when  they  were  disposed  in  a  certain  manner,  lie  gave 
the  name  of  Animal  Electricity  to  this  sot  of  new  phenomena,  from 
the  analogy  he  thought  he  perceived  between  its  effects  and  those 
of  electricity.  The  discovery  was  made  public :  many  scientific 
men,  chiefly  those  of  Italy,  and  V  olta  among  others,  were  eager  fo 
make  additions  to  the  labours  of  the  inventor.  The  medical  So- 
ciety of  Edinburgh  thought  it  right  to  take  this  point  of  physio- 
logy as  the  subject  of  one  of  its  annual  prizes,  which  was  adjudged 
to  the  work  of  Professor  Creve  of  Mentz,  in  which  the  term 
metallic  irritation  (irritamentum  metalluruni )  is  substituted  to 
that  of  animal  electricity.  This  new  expression  is  essentially  bad, 
since-  it  implies  that  irritation  by  metals  can  alone  determine  tlve 
galvanic  phenomena,  when  charcoal,  water,  and  many  other  sub- 
sUnccs  produce  them  as  well.  The  term  of  animal  electricity  has 
been  also  laid  aside,  notwithstanding  the  great,  analogy  between 
the  effects  of  electricity  and  those  of  galvanism,  and  this  last  name 
has  been  preferred,  which  applying  equally  to  the  whole  of 
the  phenomena,  immortalizes  the  name  of  the  first  observer. 

To  produce  the  galvanic  phenomena,  it  is  necessary  to  establish  a 
communication  betweentwo  points  of  a  series  of  nervous  andmuscu- 
lar  organs.  In  this  way.  there  is  formed  acirclo  of  which  one  arcis 
composed  of  the  animal  parts  that  are  subjected  to  the  experiment. ; 
while  the  other  arc  i>  represented  by  the  instruments  of  excitation, 
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#M6h  consist  commonly  of  several  pieces,  some  of  them  placed  un- 
der the  animal  parts,  and  called  supports, and  the  others,  by  which 
the  communication  with  these  is  established,  called  commu- 
nicators. 

To  form  a  complete  galvanic  circle,  take  the  thigh  of  a  frog 
stripped  of  its  skin,  detach  the  crural  nerve  down  to  (he  knee,  and 
apply  it  on  a  plate  of  zinc;  let  the  muscles  of  the  leg  lie  on  a 
plate  of  silver,  then  complete  the  arc  of  excitation  and  the  galvanic 
circle,  by  establishing  a  communication  between  the  two  supports 
•with  an  iron  wire,  or  copper,  tin,  or  lead:  at  the  moment  of  touch, 
ing  the  two  supports  with  the  conductor,  a  part  of  the  animal  arc 
formed  by  the  muscles  of  the  leg,  will  be  convulsed.  Although 
this  arrangement  of  the  animal  parts,"and  of  the  galvanic  instru- 
ments is  the  one  most  favourable  to  the  production  of  these  pheno- 
mena, there  is  room  for  varying  a  good  deal  the  composition  of 
the  animal  arc  and  the  arc  of  excitation.    Thus,  you  obtain  con- 
tractions, by  placing  the  two  supports  under  the  nerve,  and  lea- 
ving the  muscles  without  the  galvanic  circle  ;  which  proves,  that 
the  nerves  essentially  constitute  the  animal  arc.    To  conclude,  the 
galvanic  circle  may  be  entirely  animal :  for  this  purpose  take  a 
very  lively  frog,  that  is  to  say,  one  enjoying  strong  contractility: 
after  insulating  the  lumbar  nerves,  present  these  nerves  to  the  thigh 
of  the  frog;  at  the  moment  of  contact,  the  limb  will  be  convulsed. 
Professor  Aldiui  is  the  first  author  of  this  experiment,  which  is 
really  one  of  the  most  curious,  as  it  leads  more  directly  to  the 
explanation  of  the  influence  of  nerves  on  muscular  organs. 

There  is  no  need  that  the  nerves  be  untouched  to  allow  the  con- 
tractions, they  are  observed,  when  these  organs  are  tied,  or  cut, 
provided  there  be  simple  contiguity  between  the  two  ends  made  by 
the  section.  This  shews  that  no  rigorous  conclusion  must  be 
drawn  from  what  happens  in  galvanic  phenomena,  to  what  takes 
place  in  muscular  action,  since  it  is  enough  that  a  nerve  in  man  be 
cut  or  compressed  by  a  ligature,  to  take  from  the  muscles  to 
w  hich  it  is  sent,  the  faculty  of  moving.  I  have,  however,  observed 
that  disorganizing,  by  a  strong  contusion,  the  nerve  which  forms 
the  whole  or  merely  a  part  of  the  animal  arc,  interrupts,  or  at  least 
greatly  impedes  the  galvanic  current. 

The  epidermis  obstructs  galvanic  action:  which  always  is  faint 
in  parts  so  covered.  When  it  is  moist,  thin,  and  delicate,  the 
interruption  is  not  complete,  and  hence  the  possibility  is  inferred  of 
making  on  one  self  the  following  experiments:— 
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Lay  upon  the  tongue  a  plate  of  silver,  and  a  plate  of  zinc  b.e- 
neath;  let  tht  ir  edges  touch,  and  you  will  feel  a  sharp  taste  with 
a,  slight  quivering.  Apply  upon  the  eyes  two  pieces  of  dill'erent 
m,e,ials:  make  them  communicate  and  you  will  perceive  sparks., 
£ut  a  piece  of  silver  in  your  mouth;  and  a  piece  of  tin  into  your, 
anus,  or  copper  or  any  other  metal:  connect  them  with  an  iron, 
wire:  (lie  long  hollow  muscle  which,  reaching  from  the  mouth  tq 
the  anus  forms  the  base  of  the  digestive  canal,  feels  a  considerable 
shock:  this  has  been  carried  the  length  of  exciting  a  gentle  .pur- 
ging, accompanied  with  slight  cholic.  Humboldt,  after  detaching 
the  opidermU  from  the  nape  of  the  neck  and  the  back,  by  two.- 
blisters,  had  metals  applied  to  the  parts  laid  bare,  and  felt  in  each 
sharp  prickings,  accompanied  with  asero-sanguineous  excretion,  at 
the  moment  of  communication.,  ,  .  I 

You  may  construct  the.  arc  of  excitation  with  three  kinds  of 
metal,  or  two,  or  even  one;  with  alloys,  amalgams,or  other  metallic- 
and  mineral  combinations;  with  carbonaceous  substances*,  &c. 
and  it  is  observed,  that  metals  which  are,  in  general,  the, most 
powerful  exciters-,  provoke  contractions  with  the  greater  success 
the  larger  surface  they  present.  The  metals  have  more  or  less 
power  of  excitation:  thus  it  is  found  that  zinc,  gold,  silver,  and, 
tin,  hold  the  first  rank,  then  copper,  lead,  nickel,  antimony, 
kc.  w  ithout  any  apparent  relation  between  their  different  degrees 
of  exciting  power  and  their  physical  properties,  as  their  weight, 
malleability,  &c. 

CLXX.  Galvanic  susceptibility  is  like  muscular,  irritability  : 
it  is  exhausted  by  too  long  exertion;  and  returns  when  the  parts 
are  left  for  a  time  in  repose.  Dipping  the  nerves  and  muscles  in 
alcohol  or  opiate  solutions,  weakens  and  even  will  extinguish  this 
susceptibility, in  the  tame  manner,,  no  doubt,  as  in  the  living  man,  the 
immoderate  use  of -the  same  substances,  benumbs  and  paralyzes  the 
muscular  action. Immersion  in  oxygenated  muriatic  acid  restores 
to  the  exhausted  parts  the  power  of  being  affected  by  the  stimulus. 
Humboldt  has  observed  that  the  season  of  spring,  as  well  as 
the  youth  of  the  frog,  was  favourable  to  the  production  of  the  phe- 
nomena, and  that  the  fore-feet  of  these  creatures  with  which  the 
male  fixes  himself  on  the  back  of  the  female,  by  pressing  her  s.ifj.es, 

N 
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*  I  employed  successfully,  in  the  winter  of  the  year  VUl,  pi«ces  of  ic« 
both  ai  »apporta,  and  as  communicators.  .       tlntititmn-\'    •   -  i  • 
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are  moTe  excitable  than  the  hind  feel  ;  whilst  "n  the  other  sex, 
it  is  the  liinrl  feet  thnt  are  the  most  susceptible.  M.  Halle  ascer- 
tained, by  experiments  made  at  the  School  of  Medecino  in  Paris, 
that  the  muscles  of  animals  killed  by  repeated  shocks  of  an  elec- 
trical battery,  receive  an  increase  of  galvanic  susceptibility  ;  that 
this  property  Subsists',  without  alteration,  in  animals  dead  of 
asphyxia  or  killed  by  immersion  in  mercury,  pure  hydrogen  gas, 
carbonated  hydrogen,  oxygenated  muriatic  acid,  and  sulphure- 
ous acid  gasses,  by  strangulation,  by  privation  of  air  in  an  ex- 
hausted receiver  :  that  it  is  weakened  after  suffocation  by  drowning, 
by  sulphureted  hydrogen,  azote,  and  ammoniacal  gas,  and  abso- 
lutely destroyed  by  suffocation  in  the  vapour  of  charcoal.  Spring 
is  the  season  in  which  galvanic  experiments  succeed  best,  an 
excess  of  life  seems,  at  that  time,  to  animate  all  beings:  it  is  ac- 
cordingly at  this  epoch,  that  the  greater  part  of  them  are  employed 
in  the  reproduction  of  (heir  kind. 

'  CLXXI.  Galvanic  susceptibility  disappears  tn  the  muscles  of 
warm-blooded  animals,  as  the  vital  warmth  goes  off.  Sometimes 
even,  when  their  life  has  ended  in  convulsions,  their  contractility 
is  gone,  though  there  be  still  warmth,  as  if  this  vital  property  w  ere 
exhausted  by  the  convulsions  of  <le'ath.  In  the  cold-blooded, 
susceptibility  is  more  permanent:  long  after  separation  from  the 
body,  and  even  to  the  moment  when  putrefaction  begins,  the 
thighs  of  frogs  are  affected  by  galvanic  excitation ;  no  doubt,  be- 
cause, in  these  animals,  irritability  is  less  intimately  connected 
with  respiration,  because  life  is  less  one,  is  more  divided  among 
different  organs  which  have  less  need  of  action  on  each  other  to 
produce  its  phenomena. 

Contractility  is- then,  as  I  Tiaveshewn  in  another  work,  too  fleeting 
in  the  human  body,toen;ible  ustoderive  from  galvanic  experiments 
on  it,  after  death,  any  light  on  the  greater  ©r  less  weakening  of 
this  vital  property  in  different  diseases.  Those  authors  who  hare 
maintained  that  galvanic  susceptibility  is  sooner  extinct  on  the 
bodies  of  those  that  die  of  scorbutic  affections,  than  of  those  that 
die  of  inflammatory  diseases,  have  suggested  a  probable  con- 
jecture, which  cannot,  however,  be  established  on  expe- 
riment. 

Dr.Pfaff,  Professor  in  the  University  of  Kiel,  who,  next  to  Hum- 
boldt, is  of  all  the  scientific  men  of  Germany  he  who  has  attended 
most  successfully  to  experiments  on  galvanism,  has  had  the  good- 
ness to  communicate  to  mc  the  following  fact«  i 
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The  galvanic  chain  produces  sensible  actions, that  is  to  »ay,'con- 
tractions.only  at  the  moment  in  which  it  is  completed,  by  establish- 
ing a  communication  among  its  parts.  Al  ter  it  is  made, that  is,  during 
the  time  that  the  communication  remains,  all  appears  tranquil ;  yet 
the  galvanic  action  is  not  suspended.  In  fact,  excitability  appears 
singularly  increased  or  diminished  in  the  muscles  that  have  been  left 
long  in  the  galvanic  chain,  according  to  theivarialions  of  the  reci- 
procal situation  of  the  associated  metals.  If  the  silver  hare  beem 
applied  to  the  nerves  and  the  zinc  to  the  muscles,  the  irritability 
of  these  is  increased  in  proportion  to  the  time  they  have  remained 
in  the  chain.  By  this  means,  you  may  revivify,  in  some  sort, 
frogs'  thighs,  which  will  afterwards  obey  an  influence  that  was  no 
runner  sufficient  to  excite  them.  By  allotting  the  metals  difle- 
rently,  applying  the  zinc  to  the  nerves,  and  the  silver  to  the 
muscles,  the  opposite  effect  takes  place,  the  muscles  which  were 
introduced  into  the  chain  with  the  liveliest  irritability,  seem 
entirely  paralyzed,  if  they  have  remained  long  in  that  situation. 

This  difl'erence  depends,  very  evidently,  on  the  direction  of  the 
■alvanic  fluid,  determined  towards  the  nerves  or  towards  the 
muscles,  according  to  the  aTrangment  of  the  metals.  It  is  of  im- 
portance to  be  known  for  the  application  of  galvanism  to  the 
treatment  of  disease.  Where  the  object  is  to  revive  enfeebled 
irritability,  it  is  better  to  employ  the  tranquil  and  permanent 
influence  of  the  closed  galvanic  chain,  by  distributing  the  silver 
and  zinc,  so  that  the  silver  shall  be  nearest  to  the  origin  of  the 
nerves,  and  the  zinc  upon  the  muscles  of  which  it  is  wished  to 
re-excite  the  torpid  or  suspended  action,  than  to  employ  that 
sudden  influence,  which,  in  an  instant,  excites  and  is  gone.  Pro- 
fessor Pfaff  told  me,  he  had  treated  successfully  a  hemiplegia,  by 
placing  silver  within  the  mouth,  and  a  plate  of  zinc  on  the  para- 
lyzed arm  ;  at  the  end  of  2i  hours  of  uninterrupted  communica- 
tion, the  limb  could  already  exert  some  slight  motions.  To  dimi- 
nish, on  the  other  hand,  the  irritable  energy  in  many  spasmodic 
affections,  you  must  invert  the  applications  of  the  metals,  place  the 
zinc  as  near  as  possible  to  the  the  central  extremity  of  the  nerves, 
and  the  silver  on  their  superficial  terminations. 

CLXXIl.  Apparatus  of  Volta,  or  galvanic  pile.  Curious  to 
ascertain  the  relation  apprehended  by  several  Natural  Philoso. 
phers,  between  electricity  and  galvanism,  M.  Volta  invented  the 
following  apparatus,  which  is  described,  as  well  as  the  effects  it 
produces,  in  a  memoir  presented  by  him  to  the  Royal  Society  of 
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then  nsecond  plate  of  zinc,  &CJ  till  the  pile  is  several  feet  hi^h' 
for,  the  effect*  are  stronger  the  higher  it  is:  ;(hen,  touch,  at  t,pce 
the  two  extremities  of  the  pile  vvi.h  the  same  iron  wire-  at  the' 
instant  of  contact,  aispark.is  seen  at  the  extrrmilies  of  (he  pile 
and  often,  at  tbe  ,same  time,  1  uminous  points,  at  different  heights* 
in  places  wht>tfe,the  zinc  and  silver  touch.  Tried  by  the  electro  ' 
meter  of  M.-> Coulomb,  the.extremity  of  the  pile,  which  answers 
tothe-zincV  appears  positively  electrified;  that  .which  is  formed 
by  the  silver,  gives,  on  the.  contrary,  indications  of  negative  elec- 
tricity'; ynlk  ■  -.1    '.  ..: 

9-!'If  after  netting  both  hands,  by  dipping  them  in  water,  or  still 
better,  in  a  saline  solution,  you. touch  the  two  extremities  of  the 
pile,  you  feel,  in  the  joints  of  the  fingers  and  elbow,  a  shock  fol- 
lowed by  an  unpleasant  pricking. 

This  effect  may  be  felt  by  several  persons  holding  hands,  as  in 
the  Leyden  experiment;  it  is  the  more  sensible,  the  composition 
of  the  chain  being  in  other  respects  the  same,  as  the  chain  consists 
of  fewer  people,  and  as  they  are  better  insulated. 

Notwithstanding  this  great  resemblance  of  the  effects  of  galva- 
nism to  those  of  electricity,  it  differs  from  it  essentially  in  this^ 
that  the  voltaic  pile  is  constantly  electrifying  itself  spontaneously, 
that  its  effects  seem  increased,  the  more  they  are  excited,  and  are 
speedily  renewed  in  greater  strength,  whilst  the  Leyden  phial, 
once  discharged,  requires  to  be  electrifieU '  anew.  This  losesr 
moreover,  by  damp,  its  electrical  properties,  whilst  those  of  the 
pile  remain  the  same,  though  water  is  running  on  all  sides,  and  are 
quenched  only  by  entire  immersion  in  that  fluid. 

If  you  introduce  into  a  tube  tilled  with  water,  and  hermetically 
closed  with  two  corks,  the  extremities  of  two  wires  of  the  same 
metal,  which,  at  the  other  extremity  are  in  contact,  one  with  the 
summit  and  one  with  the  base  of  the  galvanic  pile,  these  two  ends 
when  brought  within  the  distance  of  a  few  lines,  undergo  manifest 
changes,  at  the  moment  of  touching  the  extremities  of  the  pile. 
The  wire  in  contact  with  the  extremity  which  answers  to  the  zinc, 
becomes  covered  with  bubbles  of  hydrogen  gas  ;  that  which  touches 
the  extremity  formed  by  the  silver,  becomes  oxydized.  If  the  ends 
of  the  wire  dipping  into  the  water,  are  brought  into  contact,  all 
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I  fiVct  ceases:  there  is  no  disengaging  of  bubbles  on  one  side,  n» 
o\\ dizement  on  the  other.  Tlie  plates  of  zinc  and  silver  become 
alike  oxydized  iu  tin;  pile,  but  only  on.  the  surfaces  which  touch 
the  moistened  pasteboard, and  very  little,  or  not  at  all,  on  the  oppo- 
site surfaces,  i<.c.  ■    •  . 

Facts  so  singular  could  not  but  awaken  the  attention  of  all  na- 
tural philosophers.  Accordingly,  there  was  great  eagerness,  every 
where,  to  repeat  and  verify  these  lirst  experiments,  to  vary  and  to 
exteud  them,  and  to  rectify  the  errors  into  which  their  authors 
might  have  fallen.  Lastly,  it  has  beeii  attempted  to  explain  the 
manner  in  which  the  apparatus  acts  in  the  production  of  hydrogen 
gas  and  in  oxydizement. 

M.  1'ourcroy  ascribes  this  phenomenon  to  the  decomposition  of 
water  by  the  galvanic  fluid,  which  abandons  the  oxygen  to  the  wire 
that  touches  the  positive  extremity  of  the  apparatus,  then  conducts 
the  other  gas,  in  an  invisible  manner,  to  the  extremity  of  the  other 
wire,  where  it  allows  it  to  escape:  and  this  opinion,  supported 
by  many  experiments  detailed  in  a  Memoir  presented  to  the  Na- 
tional Institute,  is  the  most  probable  of  all  that  have  hithertobeen 
suggested.  .         ..  . 

The  galvanic  pile  has  been  employed,  with  effect,  to  produce 
with  more  energy,  muscular  contraction.  If  you  place  iu  the 
mouth  of  an  animal,  fresh  killed,  a  conductor  attached  to  one  of 
the  poles  or  extremities  of  the  pile,  and  insert  into  the  rectum, 
the  conductor  connected  with  the  other  extremity,  you  observe 
contractions  so  6trong,  that  the  whole  body  of  the  animal  quivers 
and  is  agitated,  the  eyes  roll  in  their  sockets,  the  jaws  strike 
against  each  other,  and  the  tongue  is  thrust  out.  The  same  effects 
take  place  after  decapitation  of  the  animal.  These  experiments 
have  been  repeated  on  the  bodies  of  persons  executed  by  the  guil- 
lotine :  by  applying  to  the  neck,  the  head  that  had  been  separated 
from  it,  and  applying  to  both,  conductors  connected  with  the  pile, 
effects  have  been  produced,  which  seemed  at  first  miraculous. 
There  are  few  muscles  that  retain,  longer  than  the  diaphragm, 
their  sensibility  to  the  galvanic  action;  in  the  heart,  and  the  intes- 
tines it  is  the  same.  1  know  not  why  the  internal  muscles  have 
been  held  by  many  authors  to  be  insensible  to  this  kind  of  excita- 
tion. I  have  seen  them  constantly  obey  it,  and  many  experiments 
made  publicly  in  my  lectures,  have  always  afforded  mo  this  re- 
sult. 
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CLXXIII.  In  the  first  edition  of  this  work  the  article  galvan- 
ism ended  here.  Since  its  publication,  there  has  been  an  accession 
of  new  facts  to  those  already  known.  Volta  came  to  Paris:  he 
gave  an  exposition  of  his1  doctrine,  in  several  memoirs  read  before 
the  National  Institute  of  France,and  he  repeated  before  a  committee, 
the  principal  experiments  on  which  it  is  founded.  They  have  ap- 
peared so  conclusive,  that  the  theory  of  this  illustrious  philosopher 
has  been  unanimously  adopted,  and  at  this  day,  all  men  of  science 
admit  the  entire  identity  of  the  phenomena  of  galvanism,  and  those 
of  electricity.  Certain  bodies,  therefore,  in  nature,  and  especially 
metals,  possesses  the  property  of  electrifying  themselves,  that  is  to 
say,  of  producing  the  greater  part  of  the  phenomena  which  denote 
the  accumulation  of  electricity  in  a  body,  such  as  shocks,  sparks, 
irritations,  &c.  merely  hy  contact. 

It  may  be  thought  that  galvanism,  being  only  a  new  form  of 
electrical  action,  ought  to  be  confined  to  books  of  natural  philoso- 
phy :  aud  in  fact,  in  the  present  state  of  things,  it  belongs  rather  to 
the  physico-chemical  sciences,  than  to  those  of  the  animal  economy. 
However,  the  galvano-electric  irritation  produces  on  our  organs, 
effects  more  decided  than  the  ordinary  effects  of  electricity.  It 
seems  to  have  more  intimate  relations  with  them  :  accordingly,  it 
has  been  endeavoured  to  bring  it  into  use  in  the  treatment  of  dis- 
ease. The  experiments  made  by  M.  M.  Halle  and  Thillayc, 
prove  that  the  effects  of  the  pile  penetrate,  and  affect  the  nervous 
and  muscular  organs,  more  deeply  than  the  common  electrical  ap- 
paratus; that  they  provoke  lively  contractions,  strong  sensations 
of  pricking  and  burning,  in  parts  which  disease  renders  insensible 
to  electrical  sparks,  or  even  shocks.  A  man  whose  muscles  of  the 
left  side  of  his  face  were  all  paralysed,  found  no  effect  from  the 
electrical  shock.  He  was  exposed  to  the  action  of  a  pile  of  50 
plates,  by  communications,  through  chains  and  metallic  exciters, 
of  the  two  extremities  of  the  pile,  with  different  points  of  the  cheek 
affected.  At  the  moment  of  contact,  all  the  muscles  of  the  face 
became  convulsed,  with  heat,  pain,  &c.  These  endeavours  repeat- 
ed, during  more  than  six  months,  have,  by  degrees,  brought  back 
the  parts  to  their  natural  state. 

Dr.  Alibert  has  applied  galvanism  with  still  more  decided  suc- 
cess, to  a  priest  attacked  with  hemiplegia.  This  patient,  who  lay 
in  the  wards  of  the  Hospital  of  St.  Lewis,  has  recovered  the  use 
of  the  palsied  side,  sufficiently  to  walk,  almost  without  assitauce, 
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and  to  use  his  right  arrh  as  he  wants  it.    The  treatment  has  gone 
on  for  several  months:  the  pile  employed  consisted  of  lifty  plates 
of  zinc  and  copper.    I  am  trying  the  same  apparatus  upon  a 
Sve&lh  ollicer,  for  incomplete  deafness,  which  has  hitherto  resis- 
ted all  known  applications,  administered  in  different  parts  of  Ger- 
many.   Strong  electrical  shocks,  recommended  by  Hufeland,  had 
dispelled,  in  great  measure,  the  hardness  of  hearing:  but  this 
amendment  was  only  temporary  :  it  ceased  with  the  application 
of  the  remedy.    The  first  trial  of  galvanism  was  attended  with  the 
same  effect.    The  extremity  of  a  conductor  being  placed  in  the 
exterior  auditory  duct  of  the  right  side  (moistened  with  a  solution 
of  muriate  of  ammonia,  as  well  as  the  pieces  of  cloth  which  made 
part  of  the  pile)  the  left  hand,  dipped  in  the  same  liquid,  touched 
a  conductor  placed  at  the  copper  pole:  immediately  an  irritation, 
followed  by  painful  prickings,  was  felt  in  the  ear,  the  outer  part 
of  which  became  very  red.    The  brain  partook  in  the  excitement 
the  eyes  flashed,  and  the  effect  was  such,  that  after  remaining  a 
few  minutes  in  the  closed  galvanic  circle,  the  patient  was  taken 
with  a  sort  of  inebriation.    I  propose  to  direct,  as  has  been  done 
at  Berlin,  a  more  immediate  irritation  on  the  right  ear,  which  is 
the  deafest,  by  introducing  behind  the  velum  palati,  on  the 
guttural  orifice  of  the  eustachian  tube,  the  button  which  is  at  the  end 
of  the  conductor  of  the  zinc  pole  ;  or  else  to  make  this  extremity 
correspond  with  a  denuded  surface,  by  a  blister  behind  the  diseas- 
ed ear. 

To  use  galvanism,  in  paralysis  of  the  bladder,  it  would  be  ne- 
cessary to  place  the  conductor  of  the  zinc  pole  in  the  rectum,  that 
of  the  other  pole  answering  to  a  blister  applied  above  the  pubis,  or 
else  to  the  upper  part  of  the  thigh.  In  women,  the  vagina  would 
be  preferable  to  the  rectum;  the  soft  parts  which  perform  the 
part  of  moist  conductors  fulfilling  that  office  the  better,  the  thinner 
they  are.  Galvanism  is  therefore  an  energetic  stimulant  of  the 
vital  powers  ;  it  may  be  employed, with  great  advantage,  in  all  palsy 
both  of  sensation  and  of  motion.  It  acts  as  stimulant,  redden- 
ing the  skin  where  it  is  applied,  by  determining  thither  the  How  of 
blood,  with  heat.  Monro  could  make  his  nose  bleed  at  pleasure, 
by  applying  it  to  the  pituitary  membrane.  I  have  made  various 
experiments  having  in  view  to  establish  the  efficacy  of  galvanism, 
in  white  swelling  of  the  joints,  and  in  ulcers  which  require 
excitement;  such  as  those  which  are  attended  with  a  scor- 
butic affection,  &c.  in  all  these  cases,  it  acts  as  a  resolvent 
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and  as  a  tonic.  I  shall  communicate,  in  my  Surgical  Koso- 
graphy,  the  results  of  those  at  tempts.  Cases  of  asphyxia  are  tho*e 
in  which  the  greatest  good  may  be  hoped  for  from  galvanism,  pro- 
vided the  application  be  made  before  all  the  vital  heat  be 
extinct. 

Those  who  would  wish  fuller  details  on  galvanism,  and  on 
its  possible  application  to  the  treatment  of  disease,  « ill  do  well 
to  consult  the  Complete  History  of  Galvanism,  by  Professor  SuC, 
the  eulogium  of  Ga!vani,by  Dr.  Alibert,  in  the  beginning  of  the 
fourth  volume  of  the  Memoirs  of  the  Medical  Society  of  Emula- 
tion, and  the  work  of  Dr.  Aldini,  nephew  to  the  celebrated  author 
of  the  discovery. 

CLXXIV.     General  vicxs  of  the  osseous  system.    Man,  as 
■well  as  the  other  red-blooded  animals  (the  mammifera:,  birds, 
reptiles,  and  fishes)  has    an    internal  skeleton,  formed  of  a 
great  number  of  bones  articulated  together,  and  set  in  motion  by 
the  muscles  with  which  they  are  covered.    The  white-blooded 
auimalshave  no  internal  skeleton,  and  are  enveloped  in  hard, scaly, 
or  stony  parts,    forming  what  is  called  their  outer  skeleton, 
some  animals  are  entirely  destitute  of  hard  parts ;  this  is  the  case 
with  the  zoophytes,  some  worms  and  insects.    The  internal  struc- 
ture of  bones  is  composed  of  nearly  t*ie  same  materials  in  all 
animals:    viz.  gelatine  and  salts  containing  a  calcareous  basis. 
The  external  skeleton  of  white-blooded  animals  bears  a  much 
greater  resemblance  to  the  epidermis  than  to  the  osseous  system  of 
the    red-blooded  animals.     Like  the  epidermis,   it  undergoes 
changes  of  decomposition  and  renovation.    Thus,  the  lobster  parts 
with  its  shell,  every  year,  when  the  body  of  this  crustaceous  animal 
increases  in  size  and  it  is  replaced  by  a  new  pnvelope,  which  is  at 
first  very  soft,  and  which  gradually  acquires  the  same  consistence 
as  the  former.    Lastly,  tlie  skeleton  of  birds  differs  from  that  of 
all  other  animals,  in  having  its  principal  bones  pierced  by  openings 
communicating  with  the  lungs,  and  always  filled  with  an  air  rare- 
fied by  the  vital  heat,  which  greatly  assists  in  giving  to  them 
that  specific  lightness  so   essential  to  their  peculiar  mode  of 
existence. 

The  osseous  system  serves  as  a  foundation  to  the  animal  machine, 
yields  a  firm  support  to  all  its  parts, determines  the  size  of  the  body, 
its  proportion,  its  form  and  attitude.  Without  the  bones,  the  body 
would  have  no  permanent  form,  and  could  not  easily  move  from  one 
place  to  another.    When, from  the  loss  of  the  calcareous  earth  to 
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which  they  owe  their  hardness,  these  organs  become  soft,  the 
limbs  deformed,  standing,  and  the  different  motions  of  progres- 
sion, become  after  a  time  impossible.  Such  are  the  effects  of 
rachitis,  a  disease  of  which  the  nature  is  well  understood,  though 
we  are  not  the  better  informed  with  regard  to  the  manner  in 
which  its  causes  operate,  or  the  medicines  which  it  requires. 

The  vertebral  column  forms  the  truly  essential  and  fuuda. 
mental  part  of  the  skeleton;  it  may  be  considered  as  the  base  of 
the  osseous  edifice,  as  the  point  in  which  all  their  efforts  ter- 
minate, as  the  centre  on  which  all  the  bones  rest  in  their  various 
motions,  since  every  effort  or  shock,  in  any  way  consideraT 
ble,  is  felt  there.  Moreover,  it  contains  in  the  canal  with 
which  it  is  perforated,  the  cerebral  prolongation,  which  furnishes 
most  of  the  nerves  In  the  body. 

In  order  that  it  may  support  all  the  different  parts,  and  at  the 
sametime,  protect  the  delicate  organ  which  it  contains*,  and  adapt 
itself  to  the  various  attitudes  required  by  the  wants  of  life,  it  was 
necessary  that  the  vertebral  column  should  possess,  besides  great 
solidity,  a  sufficient  degree  of  mobility;  it  possesses  both  these 
advantages,  and  owes  the  former  to  the  breadth  of  the  surfaces  by 
which  its  bones  are  articulated  together,  to  the  size,  the  length, 
the  direction  and  the  strength  of  their  processes,  and  to  the  great 
number  of  muscles  and  ligaments  connected  with  it;  it  owes  its 
freedom  of  motion  to  the  great  number  of  bones  of  which  it  is 
formed.  Each  single  vertebra  has  but  a  slight  degree  of  motion, 
but  as  they  all  have  the  power  of  moving  at  once,  the  sum  of 
their  individual  motion  added  together,  gives  as  the  result 
a  general  motion  which  is  considerable,  and  which  is  esti- 
mated by  multiplying  the  single  motion  by  the  number  of  ver- 
tebrae. 

The  centre  of  the  motions,  by  which  the  spine  is  extended  or 
bends  forward  or  backward,  is  not  situated  in  the  articulation  of 


*  The  peculiar  manner  in  which  the  vertebra  grow,  is  itself  accommodated 
to  the  delicacy  of  the  fpinal  marrow;  consisting,  for  a  considerable  length  of 
time,  of  several  pieces  divided  by  cartilages,  the  circumference  of  the  opening 
in  thee  bones,  becomes  enlarged,  with  the  enlargement  of  the  spinal  marrow, 
a?  ive  grow  older.  The  circumference  of  the  foramen  of  the  occipital  bone 
and  that  of  tfir;  first  vertebra;  which  correspond  to  the  thickest  part  of  the 
•pinal  marrow,  is,  on  that  account,  formed  of  four  distinct  pieces  separated 
by  cartilages  iu  the  first  of  these  bones,  and  of  five  pieces  in  the  other. 
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the  oblique  processes,  as  is  maintained  by  W'mslow,  in   the  Me* 
moirs  of  the  Academy  of  Sciences  for  the  year  1730,  nor  in  the 
intervertebral  substance.    The  extension  and  flexion  of  the  ver- 
tebra; are  not  performed  on  two  centres  of  motion,  the  one  in  the 
intervertebral  substance,  the  other  in  the  articulations  of  the  arti- 
culating processes,  as  was  imagined  by  Checelden  and  Barthez, 
but  on  an  axis  crossing  the  bone  between  its  body  and  its  great 
aperture.  The  anterior  part  of  the  bone  and  its  spinous  process  per- 
form, around  this  imaginary  axis,  motions  forming  part  of  a  circle, 
and  which  though  limited  are  not  the  less  marked  ;  and  in  these 
motions,  the  articulating  surfaces  separated  by  the  intervertebral 
substance  are  brought  into  close  contact,  and  this  substance  ig 
compressed,  while  the  oblique  processes  move  on  one  another,  and 
tend  to  part  from  one  another ;  this  is  what  happens  in  bending 
the  trunk,  while,  in  straightening  it,  the  anterior  surfaces  are  re- 
moved from  each  other,the  posterior  surfaces  approach,  come  closer 
and  closer,  together,  and  finally  touch  throughout  the  whole  of 
their  extent,  when  the  extension  of  the  trunk  is  carried  as  far 
the  spinous  processes  will  allow. 

The  use  of  the  ridge  of  projections  which  arise  from  the  poste- 
rior part  of  the  vertebrae,  is  to  limit  the  bending-  of  the  trunk  back- 
wards, and  to  enable  the  muscles  which  straighten  it,  to  act  with  a 
more  powerful  lever.  When,  from  the  habit  of  an  habitually  erect 
posture,  these  processes  have  been  prevented  from  growing  in  their 
natural  direction,  the  trunk  may  be  bent  backward  to  such  a  de- 
gree, that  the  body  forms,  in  that  direction,  an  arc  of  a  circle.  It 
is  thus,  that  they  train,  from  the  earliest  infancy,  the  tumblers  who 
astonish  us  by  the  prodigious  suppleness  of  their  loins,  in  bending 
backward  so  as  to  change  the  natural  directiou  of  their  spinal 
processes. 

It  was  of  consequence,  that  the  motions  of  the  vertebral  column 
should  take  place,  at  once,  in  a  great  number  of  articulations,  as  the 
curvatures  are  thus  less  sharp,  and  thus  the  organization  of  the  spi- 
nal marrow,  which  is  very  delicate,  is  not  injured.  The  fibro-carti- 
laginous  substances  which  connect  together  the  bodies  of  the  ver- 
tebra?, between  which  ihey  lie,  possess  a  remarkable  degree  of 
elasticity,  like  all  bodies  of  the  same  kind,  and  support,  in  a  fa- 
vourable manner,  the  weight  of  the  body.  When  the  pressure 
which  they  experience  is  long  continued,  they  somen  hat  yield,  and 
diminish  in  thickness,  and  this  effect  taking  place,  at  the  same 

time,  in  all  the  intervertebral  substances,  our  stature  is  sensibly 
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lowered.  The  body  is,  on  that  account,  always  shorter  in  the 
evening  than  in  the  morning,  and  this  difference  may  be  considera- 
ble, as  is  mentioned  by  Buffo n  to  have  been  the  case  in  several  in- 
stances. The  son  of  one  of  his  most  zealous  coadjutors  (M. 
Gueneau  de  Montbeillard,  to  whom  is  due  the  greatest  part  of  the 
natural  history  of  birds),  a  young  man  of  tall  stature,  five  foot  nine 
inches  when  he  had  reached  his  complete  growth,  once  lost 
an  inch  and  a  half,  after  spending  a  whole  night  at  aball.  This  dif- 
ference in  the  stature  depends,  likewise,  on  the  condensation  of 
the  cellular  adipose  tissue  at  the  heel,  which  forms,  along  the 
whole  of  the  sole  of  the  foot,  a  pretty  thick  layer. 

The  thigh  bone  is  longer  in  man  than  in  quadrupeds,  and  this 
relative  length  of  the  thigh,  gives  him  exclusively  the  power  of 
resting  his  body  by  sitting. 

The  tibia  is  the  only  one  of  the  bones  of  the  leg  which  affords 
a  support  to  the  body.  The  fibula,  situated  at  its  outer  part,  too 
thin  and  slender  to  support  the  weight  of  the  body,  is  of  use  merely 
vith  regard  to  the  articulation  of  the  foot,  on  the  outside  of  which 
it  lies.  It  supports  the  foot,  and  prevents  its  starting  outward  by 
too  powerful  an  abduction.  The  foot,  in  this  motion,  is  forced 
against  the  fibula  which  is  bent  outwardly,  the  more  so  when  the 
person  is  advanced  in  years,  and  has,  therefore,  called  into  fre- 
quent action  this  force  of  resistance.  Animals  that  climb,  as  the 
squirrels,  whose  feet  are  in  a  continual  state  of  abduction,  have  a 
Tery  large  and  strongly  curved  fibula. 

The  number  of  the  parts  which  form  the  feet,  besides  giving  to 
these  parts  a  greater  solidity,  is  further  useful  in  preventing  the 
foot  from  being  too  violently  shaken  by  striking  the  ground,  in  our 
various  motions  of  progression.    In  leaping  from  a  height,  we  en- 


*  Thi3  curvature  is  well  marked  in  the  rhefs-d'ecuvre  of  antique  sculpture, 
and  gives  to  the  lower  part  of  the  leg,  in  our  most  beautiful  statues,  a  thickness 
which  does  not  at  all  agree  with  our  present  notions  of  elegance  of  form.  This 
seems  to  me  to  prove,  that  the  beautiful  is  not  invariable,  as  has  been  asserted 
by  many  philosophers ;  and  that  ideal  perfection  is  not  precisely  the  sameinall 
azes,  in  nations  equally  civilized.  The  truth  of  this  observation  may  be 
proved  by  the  Apollo  Belvedere  ;  his  knees  are  rather  large  and  close  together, 
and  this  form  is  the  most  beautiful  representation  of  Nature,  which 
gives  to  the  femur  an  obliquity  inwards,  the  knees  not  being  perfectly 
straight,  and  without  any  disproportion  between  the  calf  aud  the  thin 
part*  of  the  Irj. 


400 


deavour  to  full  on  our  toes,  that  the  force  of  the  fall  may  be 
broken,  by  being  communicated  to  the  numerous  articulatious  of 
the  tarsus  and  metatarsus,  and  may  not  affect  the  trunk  and 
head  with  a  painful  and  even  dangerous  concussion.  It  is  well 
known,  that  when,  in  falls,  the  whole  sole  of  the  foot  strikes 
against  the  ground,  fracture  of  the  neck,  of  the  thigh  bones, 
and  concussiou  of  the  brain  and  other  organs,  is  not  an  unlikely 
consequence. 

CLXXV.  Structure  of  the  bones.  Whatever  difference 
there  may,  at  first  sight,  seem  to  exist,  between  a  bone  and  another 
organ,  their  composition  is  the  same.  Its  structure  consists  of 
parts  that  are  perfectly  similar,  with  the  exception  of  the  saline 
inorganic  matter  which  is  deposited  in  the  cells  of  its  tissue,  which 
gives  it  hardness  and  that  solidity  which  constitutes  the  most 
striking  difference  that  distinguishes  it  from  the  soft  parts.  This 
earthy  substance  may  be  separated,  by  immersing  the  bone  in 
nitric  acid  diluted  in  a  sufficient  quantity  of  water.  It  is  then 
found,  that  it  is  a  phosphate  of  lime  which  is  decomposed,  by 
yielding  to  the  nitric  acid  its  calcareous  base.  The  bone,  thus  de- 
prived of  the  principle  to  which  it  owes  its  consistence  becomes 
soft, flexible,  and  resemblesa  cartilage,  which  is  resolvable.by  long 
maceration,  into  a  cellular  tissue  similar  to  that  of  (he  other  parts. 
This  tissue  contains  a  pretty  considerable  number  of  arteries, 
veins,  and  lymphatics.  The  bones  are,  therefore,  me"re  cellular 
parenchymas  whose  areola?  contain  a  crystallized  saline  substance, 
which  they  separate  from  the  blood,  and  with  which  they  become 
iucmsted,  by  a  power  inherent  in  their  tissue  and  peculiar  to  it. 
The  same  result  may  be  obtained  by  invertiHg  the  analysis.  If  a 
bone  is  exposed  to  boiling  heat,  for  a. few  hours,  in  Papin's  diges. 
ter,  all  its  organized  parts  become  dissolved,  melt,  and  furnish 
a  quantity  of  gelatine,  after  which  there  remains  only  an  inorga- 
nic saline  concretion ;  which  may,  likewise,  be  obtained  in  a  sepa- 
rate state  by  calcining  the  osseous  part.  The  different  proportions 
of  the  saline  to  the  organized  part,  vary  considerably  at  different 
periods  of  life;  the  bones  of  the  embroyo  are,  at  first/quite  gela- 
tinous. At  the  period  of  birth,  and  during  the  first  years  of  life, 
the  organic  part  of  the  bone  is  in  greater  proportion;  the  bones 
are  less  apt  to  break,  more  flexible,  possessed  of  more  vitality, 
and,  when  fractured,  are  more  speedily  and  more  easily  consoli- 
dated.   In  youth,  the  two  constituent  parts  are  nearly  in  equal 
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quantities ;  in  adults,  the  calcareous  earth*  alone  forms  two  thirds 
of  the  osseous  substance.  At  last,  gradually  increasing  in  quan- 
tity ,it  displaces,  in  old  people.the  part  that  is  organized  j  hence  their 
bones  are  weaker,  more  liable  to  fracture,  and  unite  less  readily. 
One  may  therefore  say,  that  the  quantity  of  phosphate  of  lime  de- 
posited in  the  bones,  is  in  the  direct  ratio  of  the  age  ;  and  that,  on 
the  contrary,  the  energy  of  the  vital  faculties  of  these  organs,  their 
flexibility,  their  elasticity,  their  aptitude  to  become  consolidated, 
when  their  continuity  is  destroyed  by  accidents,  are  in  an  inverse 
ratio. 

Anatomists  distinguish  in  bones  three  substances,  which  they 
term  compact,  spungy,  and  reticular.  The  first,  which  is  th& 
hardest,  collected  in  the  centre  of  the  long  bones,  where  the 
greatest  stress  of  the  efforts  applied  to  their  extremities  rests, 
s;ives  to  the  bone  the  strength  which  it  required.  Its  formation 
has  bten  explained,  in  various  ways  ;  some  have  maintained  that 
it  owed  its  hardness  to  the  pressure  applied  to  its  middle  part  by 
the  two  extremities  of  the  bone;  in  the  same  manner  as  the  stalk 
and  the  roots  press  against  the  collet\  of  a  plant.  Haller  thinks 
it  is  caused  by  the  pulsations  of  the  nutritious  arteries  which  pene- 
trate into  the  long  bones,  at  their  middle  part;  why  then  is  their 
structure  different  at  their  extremities  where  they  receive  arteries 
equally  large  and  more  numerous  ?  In  the  process  of  ossification, 
this  substance  appears  first  in  the  centre  of  the  long  bones;  and 
this  confirms  the  assertion  of  Kerkringius,  who  says,  tiiat  our  long; 
bones  begin  to  ossify,  in  those  points  where  they  Jtave  to  resist  the 
greatest  pressure* 

The  spungy  substance  is  found  within  the  short  bones,  and  at 
the  extremities  of  the  long  ones,  where  its  accumulation  is  attended 
with  two  advantages,  that  of  giving  to  the  bone,  without  increas- 
,  ing  its  weight,  a  considerable  size,  by  which  it  may  be  articulated 
with  the  neighbouring  bones,  by  wide  surfaces,  so  as  to  give  firm- 
ness to  their  connexions  ;  this  conformation  is  attended  with  ano- 
ther advantage,  that  of  avoiding  the  parallelism  of  the  tendons 

*  Ey  chemical  analysis  of  the  bones,  there  have  been  discovered  several 
other  saline  substances  mixed  with  the  phosphate  of  lime  ;  but  as  this  salt  alone 
constitutes  the  greatest  part  of  the  substance  which  gives  to  the  bones  their 
hardness,  I  thought  thai  it  would  be  useless  to  enter  into  minute  details,  in  a 
work  of  this  kind,  by  giving  au  account  of  the  more  recent  chemical 
analyses. 

+  The  part  where  the  stem  joins  the  root.         T.  • 
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-Which  pass  oyer  the  joints,  in  order  to  enlarge  the  angle  of  their 
insertion  in  the  bones,  and  to  give  more  efficacy  to  macular  action. 
The  mechanical  hypotheses  proposed  by  Ilaller  and  Duhamel,  to 
explain  the  formation  of  this  spungy  substance,  are  very  unsatisfac- 
tory, especially  if  it  be  considered,  that  in  the  gelatinous  boner,  of 
the  embryo,  the  place  that  is  to  be  occupied  by  the  spungy  sub- 
stance, viz.  the  extremities  of  the  long  bones,  of  which  the  rudi- 
ments begin  to  appear,  are  larger  than  any  other  part.  All  the 
cells  of  this  spungy  substance  communicate  with  one  another,  they 
are  lined  by  a  very  fine  membrane, and  contain  the  medullary  fluid. 
The  laminae  which  cross  each  other,  in  various  directions,  and  which 
form  the  parietes  of  the  cells,  become  fewer  in  number  and  thin- 
ner ;  the  spungy  tissue  expands  in  approaching  the  middle  part  of 
the  bones  and  forms  (within  the  medullary  canal,  of  the  compact 
substance)  a  reticular  tissue,  the  use  of  which  is  to  support  the 
membranous  tube  containing  the  marrow. 

These  three  substances,  notwithstanding  their  unequal  density, 
are,  in  reality,  but  one  and  the  same  substance  differently  modified. 
The  reticular  and  spungy  differ  from  the  compact,  in  containing 
less  phosphate  of  lime,  and  in  having  a  rarer  and  more  expanded 
tissue.  In  other  respects,  those  changes  in  the  osseous  tissue 
which  constitute  the  laminated  exostoses,  the  conversion  of  the 
bones,  by  acids,  into  a  flexible  cartilage,  which,  by  maceration, 
may  be  reduced  into  cellular  tissue,  prove  that  these  three  substan- 
ces are  truly  identical,  and  differ  from  each  other,  only  by  the 
degrees  of  closeness  of  their  texture  and  the  quantity  of  calcareous 
phosphate  deposited  in  the  meshes  of  their  ti.-sue. 

The  compact  substance  appears  to  consist  of  concentric  laminae 
strongly  united  together,  and  to  be  formed  of  fibres,  arranged 
longitudinally,  and  injuxta  position.  In  proof  of  this  arrange- 
ment, it  is  usual  to  mention  the  exfoliation  of  bones  exposed  to 
the  air;  but  these  lamime  detached  from  an  exfoliating  boner 
merely  prove  that  the  action  of  the  disease,  the  air,  heat,  or  any 
other  agent,  by  applying  itself  successively  to  the  different  layers 
of  bone,  produces  between  them  a  separation  which  did  not  exist 
in  health,  and  determines  their  falling  off  in  succession.  Certain 
parts,  in  which  this  lamelated  structure  does  not  exist,  may,  in  like 
manner,  undergo  the  same  kind  of  decomposition.  Thus,  Lassone 
saw  a  piece  of  human  skin  that  had  been  preserved,  for  a  consi- 
derable length  of  time,  into  a  vault,  separate  into  layers  of  extreme 
minuteness. 
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The principle  which  exists,"  in  a  smaller  degree,  in  the 
bones  than  in  other  parts,  seems  to  animate,  to  a  certain  degree, 
their  different  substances.  Proportioned  to  the  number  of  vesseJs 
which  are  distributed  to  it,  life  is  more  active  in  the  spungy  tissue; 
hence,  in  fracture  of  this  part,  fleshy  granulations  and  callus  form 
more  quickly.  Caries,  likewise,  advances  more  rapidly,  and  it  is 
more  difficult  to  interrupt  its  progress. 

C  LXX  VI.    Of  the  uses  of  (he  periosteum  and  of  the  medullary 
Jukes.    Whatever  be  the  situation,  the  size,  the  shape,  and  the 
composition  of  bones,  they  are  all  enveloped  by  the  periosteum, 
a  whitish,  fibrous,  dense  and  compact  membrane,  to  which  are 
distributed  the  vessels  which  penetrate  into  their  substance.  The 
periosteum  is  a  membrane  perfectly  distinct  from,  the  other  soft 
parts,  and  from  the  bone  itself,  to  which  it  adheres  by  means  of 
vessels  and  of  cellular  tksue,  which  pass  from  the  one  to  the  other,  , 
the  more  closely,  as  we  are  more  advanced  in  years.    The  cellular 
and  vascular  fibres  which  penetrate  into  the  substance  of  the  bone, 
establish  a  very  close  sympathetic  conneclion  between  its  perios- 
teum and  the  very  delicate  membrane  that  lines  its  internal  cavity, 
which  secretes  the  marrow,  and  is  called  the  internal  periosteum. 
On  destroying  the  internal  medullary  membrane,  by  introducing 
a  stylet  within  the  cavity  of  the  bone,  its  external  layers  swell, 
are  detached  from  the  inner  ones,  and  form,  as  it  were,  a  new 
bone  around  the  sequestra.    The  new  bone  is  not  formed  by  the 
ossification  of  the  periosteum,  as  was  maintained  by  Troja.  Tins 
membran:;  has  no  more  to  do  with  the  formation  of  the  new  bone, 
in  necrosis,  than  with  that,  of  the  callus  in  fracture.    The  perios- 
teum, covering  a  b(.ne  affected  with  necrosis,  does  not  become 
thicker,  and  does  not  acquire  more  consistence  ;  nor  is  there 
formed  around  the  ends  of  a  fractured  bone,  a  ring  to  keep  them 
cemented,  as  was  the  opinion  of  Duhamel  ;  an  opinion  recently 
brought  forward  in  a  work  in  which  the  author  seems  to  delight 
in  reviving  errors  that  have  been  abandoned  for  ages..  Destitute 
of  nourishment,  dead  and  dried  up  in  this  artificial  necrosis,  the 
6equestra  moves  in  the  centre  of  the  new  osseous  production,  from 
which  it  may  be  extracted  by  a  perforation  made  for  that  purpose. 
{Iti3  owing  to  the.  same  sympathy,  that  the  dull  nocturnal  pains 
■which  are  occasioned  by  the  warmth  of  the  bed,  in  patients  in  the 
last  stages  of  the  venereal  affection,  and  which  appear  to  have 
their  seat  in  the  centre  of  the  long  bones,  occasion  a  swelling  o.f 
these  bones  and  of  the  periosteum. 

3  G 
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The  use  of  the  periosteum  is  to  regulate  the  distribution  of  Hie 
nutritious  juices  of  bones,  since,  whenever  it  is  removed,  granula- 
tions arise,  in  an  irregular  manner,  on  the  spot  that  is  bared. 
This  quality  is,  besides,  common  to  all  fibrous  membranes  whose 
destruction  is  followed  by  excrescences  from  the  organs  which 
they  cover.  The  same  takes  place,  whenever  tree*  are  par- 
tially stripped  of  their  bark.  It  has  been  erroneously  believed, 
that  the  periosteum,  in  the  same  way  as  the  bark  of  plants,  contri- 
butes to  the  growth  of  the  bones,  by  the  sucessive  induration  of  its 
internal  lamina*. 

The  marrow  which  fills  the  central  cavity  of  the  long  bones  ; 
nnd  the  medullary  fluid  contained  in  the  cells  of  the  spungy  sub- 
stance, hear  the  greatest  analogy  to  adeps,  both  in  their  chemical 
composition  and  in  their  uses  (CVl).    The  proportion  of  these 
two  fluids  is  uniformly  relative.    In  very  thin  people,  the  bones 
contain  a  marrow  that  is  thin  and  watery,  and  though  this  fluid 
always  fills  the  internal  cavities  of  these  organs,  whuse  solid  pa- 
rietes  cannot  collapse,  it  contains  much  fewer  particles  in  the 
same  bulk:  and  its  quantity,  like  that  of  the  fat,  is  in  fact  dimi- 
nished.   It  is  the  product  of  arterial  exhalation,  and  does  not 
serve  to  the  immediate  nutrition  of  the  bone,  as  was  thought  by  the 
ancients;  at  least,  it  does  not  answer  that  purpose  solely,  for,  in 
the  numerous  class  of  hirds,  the  hones  contain  cavities  for  air, 
nnd  are  destitute  of  this  fluid.    It  is  difficult  to  determine  the  use 
of  the  marrow  and  of  the  medullary  fluid;  may  they  not  answer 
the  purpose  of  filling  the  cavities  which  Nature  has  formed  in  the 
bones,  so  as  to  render  them  lighter?  Does  a  part  of  these  fluids 
exude  through  the  cartilages  of  the  joints,  and  mix  with  the  syno- 
via to  increase  its  quantity,  and  to  lessen  the  friction  of  the  articu- 
lating surfaces?  If  this  transudation  may  take  place  after  death, 
why  might  it  not  take  place,  when  all  the  parts  are  in  a  state  of 
vital  warmth  and  expansion  ? 

CLXXVTI.  Oj  the  articulations,  the  articulating  cartilages 
an'l  ligaments,  and  the  synovial Jluid.  The  articulations  of  the 
different  parts  of  the  skeleton  are  not  all  intended  to  allow  of 
motion,  several,  as  the  serrated  and  squamous  sutures,  and  the 
gomphosys,  are  entirely  without  motion  and  are,  on  that  account, 
termed  synarthrosis.  All  the  other  articulations,  whether  the 
hones  are  in  immediate  contact  (diarthrosis  of  contiguity),  whether 
Ihey  are  united  by  a  substance  interposed  between  them  (diarthro- 
sis of  continuity  or  amphiarthrosis),  are  endowed  with  a  certain 
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degree  of  mobility.  I  shall  speak  merely  of  the  moveable  articu- 
lations ;  whether  they  allow  of  extensive  motions  and  in  every  di- 
rection (diarthrosis  orbicularis)  or  whether  the  bones  move  only 
in  two  opposite  directions  (alternate  diarthrosis  or  giuglymus)  by 
forming  an  angle,  (angular  giuglymus),  or  by  executing,  on  each 
other,  motions  of  rotation  (lateral  ginglymus). 

In  all  the  articulations,  the  osseous  surfaces  are  covered  by  la- 
mina? of  a  substance  less  hard  than  that  of  the  bone.    These  are 
the  articulating  cartilages  which  answer  the  two  purposes  of 
giving  to  the  ends  of  the  bones,  the  degree  of  polish  necessary  to 
their  slipping  freely,  and  to  facilitate  motion,  by  the  considerable 
degree  of  elasticity  which  they  possess.    Morgagni  has  shewn,_ 
that  of  all  animal  substances,  cartilages  possess  most  elasticity  ' 
their  structure  is  very  different  from  that  of  the  bones,  even  when 
these  are  yet  cartilaginous;  for,  these  articulating  cartilages  do 
not  become  ossified,  even  in  persons  greatly  advanced  in  years*. 
They  are  formed  of  very  short  fibres  disposed  according  to  the 
length  of  the  bone,  strongly  compressed  against  each  other,  and 
united  by  other  transverse  fibres.    This  vertical  direction  of  the 
greatest  part  of  the  cartilaginous  fibres,  demonstrated  by  Lassone, 
is  very  favourable  to  their  elastic  re-action.    The  capsular  liga- 
ment is  reflected  over  them,  becomes  very  thin,  and  is  lost  in 
their  perichondrium,   according  to  Bonn,  Nesbith,  and  other 
anatomists. 

Besides  the  cartilages  which  surround  the  extremities  of  bones, 
there  are  found,  in  certain  articulations,  tibro-cartilaginous  laminas 
ly  ing  between  the  articulating  surfaces.    These  connecting  liga- 
ments may  be  observed  in  the  articulation  of  the  lower  jaw  to  the 
temporal  bones,  of  the  femur  with  the  tibia,  and  of  the  sternum 
with  the  clavicle;  and  all  such  articulations  peifonn  a  great  num- 
ber of  motions,  as  is  the  case  with  the  jaw,  or  suffer  considerable 
pressure,  as  the  joints  of  the  knee  and  sternum.    The  latter,  which 
has  a  very  slight  degree  of  motion,  being  the  point  in  which  termi- 
nate all  the  efforts  of  the  upper  extremity,   required  this  ap- 
paratus to  lessen  the  effect  on  the  trunk,   the  motion  that  is 
given  being,  in  part^  lost,  in  the  action  of  the  articulating  car- 
tilage. 

•    Sometimes,  however,  these  cartilages  are  destroyed,   the  denuded 
fcor.e  then  become*  polished  by  friction,  and  as  bard  ai  ivory  j 
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T  shall  not  repeat  what  lias  boon  already  Said  of  tho  secretion  of 
the  fluid  that  lulnicates  the  articulating  surfaces,  that  facilitates 
their  motion  and  keeps  them  in  contact.  Its  quantity  is  in  direct 
ratio  of  the  extent  of  these  surfaces  and  ©f  the  membranous 
capsule  in  which  they  are  contained  ;  it  is,  likewise,  proportioned 
to  the  frequency  of  motion  which  each  articulation  allows. 

Synovia  is  (he  name  that  is  given  to  the  fluid  prepared  by  the 
glandulo. cellular  bodies  in  the  vicinity  of  the  articulations,  and 
secreted  by  the  membranous  capsules  which  surround  them,  and 
are  reflected  over  the  articulating  extremities  of  the  bones 
whose  cartilages  they  cover;  so  that,  as  was  shewn  by  Bonn, 
about  the  middle  of  the  last  century,  these  extremities  cannot  be 
said  to  be  contained  within  the  cavity  of  the  capsule,  which  is 
closed,  in  every  direction,  any  more  than  the  abdominal  viscera 
•within  that  of  the  peritoneum.  The  synoTia  is  heavier  than  com- 
mon water,  quite  colourless,  and  more  viscid  than  any  other 
animal  fluid.  It  contains  a  considerable  quantity  of  albumine 
•which,  according  to  Margueron,  who  first  gave  a  tolerably  accu- 
rate analysis  of  synovia,  is  found  in  a  particular  state,  and  much 
disposed  to  concrete  into  filaments,  on  the  addition  of  acids. 
Besides,  it  contains  muriate  and  carbonate  of  soda  and  phosphate 
of  lime,  the  whole  dissolved  in  water,  which  forms  about  three- 
fourths  of  its  w  eight. 

CLXXVTII.  Theory  of  anchylosis.  Motion  may  be  con- 
sidered as  the  proper  stimulus  of  the  synovial  secretion  ;  and  a 
moveable  joint,  as  is  justly  observed  by  Grimaud,  is  as  a  centre  of 
fluxion  towards  which  the  fluids  rush,  in  every  direction,  in  conse- 
quence of  the  irritation  which  friction  determines.  If  the  joint 
remains  long  without  motion,  the  synovia  is  secreted  in  smaller 
quantity,  and  this  lessens  gradually;  it  may  even  happen  that 
the  articulating  surfaces,  remaining  long  absolutely  motion- 
less, lose  their  moisture,  and  from  the  want  of  the  fluid  which 
should  lubricate  them,  bring  on  irritation  and  adhesive  inflamma- 
tion in  eaph  other,  either  from  increased  action  of  the  vessels  of 
the  perichondrium,  or  as  is  believed  by  Nesbith,  Bonn,  and  others, 
from  an  inflammatory  state  of  the  fold,  whichis  reflected  from  the 
capsule  of  the  joint  over  the  ligament. 

"  This  is  the  manner  in  which  the  disease,  termed  anchylosis, 
comes  on,  a  disease  improperly  ascribed  to  the  congestion  of  the 
soft  parts,  and  especially  of  the  ligaments  surrounding  the  articula- 
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iions.  In  fact,  when  in  a  fracture  of  the  thigh  or  leg,  about  the 
middle  of  the  length  of  one  of  these  bones,  and  consequently,  at 
the  greatest  possible  distance  from  the  knee  joint,  the  circum- 
stances of  the  case  require  that  the  bandages  should  be  kept  on  the 
limb,  a  considerable  time,  the  joint  loses  its  power  of  motion,  re- 
covers it  with  ditliculty,  and  sometimes  not  at  all.  I  have  at  pre- 
sent before  me,  the  case  of  a  man  in  whom  a  scorbutic  affection 
has  delayed,  to  such  a  degree,  union  of  the  hone,  after  a  simple 
fracture  of  the  femur,  about  the  middle  of  the  bone,  that  it  ha* 
been  found  necessary  to  continue,  for  seven  mouths,  the  use  of 
splints.  In  the  course  of  so  long  a  state  of  inaction,  the  soft  parts 
have  lost  the  habit  of  moving,  and  the  knee  is,  almost  completely, 
auchylosed. 

Whenever,  on  account  of  any  complaint,  one  has  been  confined 
to  bed,  the  first  attempts  t'o  walkare  painful,  difficult,  and  attended 
by  a  marked  crepitus  in  the  knee,  denoting  clearly  the  want  of 
synovia.  On  the  other  hand,  if  the  joint  is  examined  in  a  person 
who  before  death  has  been  long  without  motion,  the  articulating 
surfaces  will  be  found  rough  and  dry,  with  evident  marks  of  in- 
flammation. Flajani  mentions  the  case  of  a  patient  who  died  after 
having  been  three  months  in  bed,  in  an  almost  motionless  state. 
Externally,  the  knees  did  not  appear  to  have  been  injured,  and  yet 
he  could  not  bend  his  knee  joint.  On  opening  the  joint,  it  was 
found  that  the  articulating  surfaces  had  grown  together  ;  the  pos- 
terior part  of  the  patella  adhered  to  the  condyles  of  the  femur,  and 
it  was  necessary  to  use  a  scalpel  to  detach  these  parts  from  each, 
other.  I  have  frequently  observed  the  same  appearance,  in  dis- 
secting the  knee  joint  of  persons  who  died  while  labouring  under 
white  swelling,  with  or  without  ulceration.  The  anchylosis  which 
invariably  attends  this  alfection,  evidently  arises  from  the  absolute 
rest  of  the  diseased  joint. 

Anchylosis  from  want  of  motion,  and  consequently  from  want 
of  synovia,  is  not  always  a  partial  affection  limited  to  one  or  two) 
joints;  sumetizies,  it  affects  several  at  once,  as  in  the  case  of  the 
patient  whose  skeleton  was  presented  by  M.  Larrey  to  the  museum 
of  the  School  of  Medicine  at  Paris.  One  of  the  most  remarkable 
cases  of  universal  anchylosis  of  the  joints,  is  that  lately  commuui, 
cated  to  the  National  Institute  by  M.  Percy  :  the  patient  was  an 
old  cavalry  officer,  who  was  Bubject  to  fits  of  the  gout  and  whose 
articulations,  even  that  of  the  lower  jaw,  became  stiff  and  com- 
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pletely  lost  all  power'of  motion,  so  that,  towards  the  latter  end  of 
his  wretched  existence,  he  could  not  be  moved  without  feeling  se- 
vere pain  in  his  anchylosed  joints. 

From  this  explanation  may  bp  conceived  the  advantage  of 
moving  the  lower  extremity,  when,  after  a  fracture  of  the  leg, 
the  euds  of  the  bone  have  become  sufficiently  united  to  prevent 
their  being  displaced.  These  motions,  which  are  of  indispensable 
necessity  in  all  fractures  of  the  femur,  of  the  tibia,  and  especially 
of  the  patella,  are  much  better  calculated  to  prevent  anchylosis, 
than  the  various  resolvent  remedies  which  are  commonly  employed, 
as  plaisters  of  soap,  vigo,  cicuta,  diabotanum,  diachylon,  pumping, 
bathing,  and  fumigations,  which,  however,  should  be  used  in  com- 
bination with  a  moderate  exercise  of  the  limb,  in  order  to  obtain 
the  most  complete  success. 

The  gout  affects  those  joints  which  are  most  subject  to  motion, 
and  on  which  there  is  the  greatest  pressure.  The  first  attacks,  as 
Sydenham  observes,  come  on  in  the  joint  of  the  great  toe  with  the 
first  metatarsal  bone,  an  articulation  which  bears  the  weight  of 
the  whole  body,  and  which  is  most  called  into  action,  in  the  various 
motions  of  progression. 

The  muscles  which  pass  over  the  joints  give  them  much  greater 
security  than  the  lateral  ligaments.  In  fact,  if  the  muscles  be- 
come palsied,  the  mere  weight  of  the  limb  stretches  the  ligaments, 
which  give  way,  become  elongated,  and  allow  the  head  of  the 
bone  to  escape  from  its  glenoid  cavity.  It  is,  in  this  manner,  that 
a  loss  of  motion,  and  atrophy  of  the  deltoid  muscle,  are  attended 
with  a  luxation  of  the  humerus  :  the  orbicular  ligament  of  the  ar- 
ticulation of  this  bone  with  the  scapula,  being  incapable  of  re- 
taining its  head  within  the  glenoid  cavity.  The  spinal  column, 
■when  dissected  and  deprived  of  all  but  its  ligamentous  attachments, 
gives  way  under  a  weight  much  smaller  than  that  which  it  would 
have  supported,  before  beiug  stripped  of  the  muscles  which  are 
connected  with  it. 

CLXXIX.  Of  standing.  This  is  the  name  given  to  the 
action  by  which  man  holds  himself  upright  on  a  solid  plane.  In 
this  erect  position  of  all  our  parts,  the  perpendicular  line,  passing 
through  the  centre  of  gravity*  of  the  body,  must  fall  on  soma 

♦  The  centre  of  gravity,  in  the  adult,  is  situated  between  the  sacrum  an* 
pubis. 
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point  of  the  space  measured  by  the  soles  of  the  feet.  ^Standing  is 
most  firm  when,  on  prolonging  the  line  of  the  centre  of  gravity  of 
the  body,  it  falls  on  the  base  of  sustentation  (I  call  thus  the  space 
defined  by  the  feet,  whether  close  or  apart);  but  this  line  may 
tend  to  exceed  it,  without  our  necessarily  falling,  the  muscular 
action  soon  restoring  the  equilibrium  which  is  deranged  by  the 
alt  red  direction  of  this  line.  But  if  the  lower  extremity  of  the 
jltfe,  by  being  prolonged,  should  fall  without  the  limits  of  the  base 
of  sustentation,  a  fall  is  unavoidable  on  the  side  towards  which 
this  line  inclines*. 

If  the  body  is  inclined  backwards,  so  that  there  is  a  dangeT  of 
a  fall  on  the  occiput,  the  extensor  muscles  of  the  leg  contract 
powerfully,  to  prevent  the  thigh  from  bending,  while  other  powers 
bring  forward  the  upper  parts,  and  give  to  the  prolonged  line  of 
the  centre  of  gravity  a  different  direction  ;  and  if,  in  proportion  as 
the  extensors  of  the  leg  are  brought  into  action,  its  inclination  be 
increased  to  such  a  degree  that  nothing  is  capable  of  keeping  up 
the  body,  which  its  own  weight  tends  to  bring  to  the  ground, 
t!-,e=e  muscles,  by  a  motion  proportioned  to  the  quickness  of  the 
fall,  will  increase  their  efforts  to  prevent  it,  and  and  may  be  able, 
in  that  violent  contraction,  to  snap  asunder  the  patella,  as  I  have 
explained  in  a  Memoir  on  the  fractures  of  that  bone. 

I  think  it  useful  to  insist,  more  than  has  been  done  hitherto,  on 
the  mechanism  by  which  the  human  body  is  supported  in  the  erect 
posture;  for,  a  knowledge  of  that  mechanism  facilitates  the  ex- 
planation of  the  motions  of  progression.  To  walk,  or  to  run,  the 
body  must  be  upright;  now,  when  it  is  known  by  what  power  the 
centre  of  gravity  of  the  body  is  maintained  perpendicular  on  the 
plane  which  supports  it,  it  will  be  easy  to  understand  the 
different  ways  in  which  it  changes  its  place,  in  the  course  of 
locomotion. 

*  "  Quotincumque  linen  propensionis  corporis  Jiumnni  cadil  extra  unius 
pedis  innixi  planlam,  aut  extra  quadrilaterum,  comprehension  a  dttabus  ptantis 
pedum,  impediri  ruina,  a  quocumque  musculorum  conatu,  non  potest.  Borclli, 
Prop.  MO.  . 

The  firmness  of,  (he  attitude,  in  standing,  depends,  therefore,  in  part,  on  the 
breadth  of  the  feel  and  on  their  distance  ;  h^nce,  it  is  much  more  tottering  when 
we  stand  on  one  foot,  and  we  arc,  under  such  circumstances,  obliged  to  he  per- 
petually struggling,  to  prevent  the  centre  of  gravity  from  falling  out  of  the 
narrow  limits  of  the  base  of  mstentation. 
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Let  us  first  inquire  into  the  question  so  long  agitated,  whether 
wan  is  intended  to  support  himself  and  to  walk  on  his  four  limbs, 
in  th*'  early  period  of  his  existence  after  birth  ? 

CLXXX.  An  upright  position  would  be  to  man  a  state  of 
rest,  if  bis  head  were  in  a  perfect  equilibrium  on  the  vertebral 
column,  and  if  the  latte  r,  forming  the  axis  of  the  body  and  sup- 
porting equally,  in  every  direction,  the  weight  of  the  abdo- 
minal and  thoracic  viscera,  fell  perpendicularly  on  the  pel- 
vis placed  horizontally,  and,  in  short,  if  the  bones  of  the  lower 
extremities  formed  columns  set  perpendicularly  under  their 
superincumbent  weight;  but  not  one  of  these  circumstances 
is  to  be  observed  in  the  human  body:  the  articulation  of 
the  head  does  not  correspond  to  its  centre  of  gravity ;  the 
weight  of  the  thoracic  and  abdominal  viscera,  and  of  the  parietes 
of  the  cavities  in  which  they  are  contained,  rests,  almost  entirely,  on 
the  anterior  part  of  the  vertebral  column.  The  vertebral  co- 
lumn is  supported  on  an  inclined  base,  and  the  bones  of  the  in- 
ferior extremities,  which  are  connected  to  each  other  by  convex 
and  slippery  surfaces,  are,  more  or  less,  inclined  towards  one  ano. 
ther.  It  is  therefore  necessary,  that  an  active  power*  watch 
incessantly,  to  prevent  the  fall  which  would  be  the  natural 
consequences  of  their  weight  and  direction. 

This  power  resides  in  the  extensor  muscles  which  keep  the 
parts  of  our  body  in  a  state  of  extension,  the  more  perfect,  and 
w  hich  render  our  erect  posture  the  firmer,  as  they  are  endowed  with 

i 

*  An  upright  posture  is  not,  in  all  animals,  as  it  is  in  man,  the  consequence 
of  an  ellbrt.  This  is  proved  by  the  following  fact  observed  by  M.  Dumeril. 
The  sea  fowl  and  especially  the  waders  (Gralla?  Lin)  as  herons  and  storks,  forc- 
ed to  live  in  the  midit  of  marshes  and  muddy  waters,  in  which  they  find _  the 
fishes  and  reptiles,  on  which  they  feed,  have  long  since  afforded  matter  of  sur- 
prize to  Naturalists,  hj  the  length  of  time  they  can  remain  motionless  in  an 
erect  posture.  This  singular  power,  so  necessary  to  animals  obliged  to  expect 
their  prey,  more  from  chance  than  from  industry,  they  owe  to  a  peculiar  con- 
formation of  the  articulation  between  the  leg  and  thigh.  The  articulating  surface 
of  the  thigh  bone, as  M.  Dumeril  had  an  opportunity  of  observing  in  a  stork  (.4r- 
dea  ciennia,  Linn)  contains, in  its  centre,  a  depression,  into  which  there  is  received 
a  projection  of  the  tibia.  To  enable  the  animal  to  bend  its  leg,  that  projection 
must  be  disengaged  from  the  depression  into  which  it  is  lodged,  and  this  is  re- 
sisted by  several  ligaments  which  keep  the  leg  extended  in  standing,  in  Hying, 
and  other  propressive  motions,  without  the  assistance  of  the  extensor  mus- 
cles. 
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a  more  considerable  power  of  antagonism,  and  as  our  parts  are 
naturally  less  disposed  to  flexion  ;  and,  besides,  as  we  have  seen 
(CLXVI),  these  powers arenot  sufficient  to  balance  those  whose 

action  is  directly  opposed  to  their's. 

The  relative  weakness  of  the  extensor  muscles  is  not  the  only 
obstacle  which  renders  impossible  an  erect  posture,  at  an 
early  period  of  life.  Other  causes,  into  which  we  are  about 
to  enter,  concur  in  unfittiug  tho  new  born  child  for  the  exercise  of 
that  faculty. 

The  articulation  of  the  head  to  the  vertebral  column  being 
nearer  the  occiput  than  the  chin,  and  not  corresponding  to  its 
centre  of  gravitv,  its  own  weight  is  sufficient  to  make  it  fall  on  the 
upper  part  of  the  chest.  It  is  the  more  disposed  to  fall  forward, 
from  its  greater  bulk,  and,  as  in  a  new  born  child  the  head  is  much 
larger  iu  proportion  than  the  other  parts  of  the  body,  and  as  its 
extensor  muscles  partake  of  the  greater  weakness  of  that  set  of 
muscles,  it  falls  on  the  forepart  of  the  chest,  and  in  its  fall  draws 
the  body  after  it.  The  weight  of  the  thoracic  and  abdominal  vis- 
cera tends  to  produce  the  same  effect. 

Growth  always  proceeds  from  the  upper  to  the  lower  parts,  and 
this  law,  which  operates  uniformly,  compleatly  eludes  every  kind 
of  mechanical  explanation.  It  is  otherwise,  with  regard  to  the 
effects  which  result  from  this  unequal  growth  in  respect  to  the 
erect  posture.  The  inferior  limbs,  which  serve  as  a  base  to  the 
whole  edifice,  being  imperfectly  evolved  at  the  period  of  birth, 
the  upper  parts  placed  on  these  unsteady  foundations,  must  neces- 
sarily fall  and  bring  them  down  with  them. 

The  relative  weight  of  the  head,  of  the  thoracic  and  abdominal 
viscera,  tends,  therefore,  to  bring  forwards  the  line  in  the  direction 
of  which  all  the  parts  of  the  body  press  on  the  plane  which  sup- 
ports it,  and  this  line  should  be  exactly  perpendicular  to  that 
plane  to  enable  the  body  to  be  perfectly  erect  :  the  following  fact 
proves  this  assertion  ;  I  have  observed,  that  children,  whose  head 
is  very  large,  whose  belly  projects,  and  whose  viscera  are  loaded 
with  fat,  have  much  difficulty  in  learning  to  stand ;  it  is  only  about 
the  end  of  their  second  year,  that  they  dare  trust  to  their  own 
strength,  and  then  they  meet  with  frequent  falls,  and  have  a  con- 
tinual tendency  to  go  on  all  fours. 

The  vertebral  column,  in  the  child,  does  not  describe,  as  in  the 
adult,  three  curves  alternately  placed,  in  opposite  directions.  It 
is    almost  straight,  and  yet  presents  in  the  direction  of  its 
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IfengtB  a  slight  curvature,  the  concavity  of  which  looks  forwanN-. 
This  incurvation-,  which  depends  solely  on  the  llexion  of  the 
trunk  while'  in  the  womb,  is'  accordingly  more  marked,  the 
nearer  (he  child  is  to  the  time  of  his  birth. 

1 1  is  Weil  known  that  (he  curvatures,  in  opposite  directions  to 
the  vp  trbia!  column,  add  to  the  firmness  of  the  erect  posture,  by 
increasing  the  extent  of  the  space  within  which  the  centre  of  gravity 
may  move,  without  being  carried  beyond  its  limits.  With  regard 
to  that  use,  the  vertebral  column  may  be  considered,  as  delined 
by  two  lines  drawn  from  the  anterior  and  posterior  part  of  the  first 
cervical  vertebra,  to  the  sacro  lumbari  symphysis.  These  two 
lii.es,  very  near  to  each  other  at  their  upper  part,  and,  below,  at  a 
distance  from  rach  other,  woukl'  be  the  chords  of  arcs  and  tho 
tangents  of  the  curres,  formed  by  the  vertebral  column.  So  that 
thi*  column  may  be  considered  as  haviag  a  fictitious  thickness 
greallv  exceeding  its  real  bulk. 

Jn  the  new  born  child  the  want  of  alternate  curvatures  riot  only 
contracts  the  boundaries  witftirl  which  the  centre  of  gravity  may 
be  varied,  but  the  direction  of  the  only  curvature  which  exists 
favours  the  llexion  of  the  trunk,  and  consequently  the  inclination 
forward  of  the  centre  of  gravity,  and  the  tendency  to  fall  in  that 
direction  This  inflexion  of  the  vertebral  column  in  the 
foetus  and  in  the  young' child  resembles  that  observed  in  several 
quadruped**. 

The  disadvantage  fesulting  from  the  want  of  alternate  curva- 
tures in  the  vertebral  column  of  fhe  child  is  further  increased,  by 
the  total  absence  of  spinous  processes.  It  is  well  known,  that  the 
priiicipaf  use  of  these  projections,  is  to  place  the  power  at  a  dis- 
tance from  the  centre  of  motion  of  the  vertebras,  to  increase  the 
length  of  the  lever  by  which  it  acts  in  straightening  the  trunk,  and 
thereby  to  render  its  notion  more  efficacious,  At  the  period  of 
birth,  the  vertebra;  have  no  spinons  processes,  they  afterwards 
grow  from  the  place  at  which  the  lamina;  of  those  bones  are 
united,  by  means  of  a  cartilaginous  substance,  which  compleats 

•  This  curvature  is  very  distinctly  marked  in  swine.  Tlie  back  .of  these 
animals  is  remarkably  prominent,  and  this  form,  necessary  to  enable  the  verte- 
bral column  to  support  the  immense  weight  of  their  abdominal  viscera,  lias  a 
considerable  influence  on  lite  mechanism  of  their  motions  of  profession.  9  hen 
frightened  by  any  noise,  they  spring  in  bounds,  and  it  is  easy  to  perceive  that,  at 
each  spring,  the  spine  becomes  arched  and  then  straightens  itself,  and  that  their 
motion  when  rapid  IB  effected  by  the  alternate  tension  ai:d  relaxation  of  their 
spinal  arch. 
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the  posterior  part  of  the  vertebral  canal.  The  muscles  destined 
to  keep  the  trunk  erect,  weakened  by  its  constant  llexion  during 
gestation,  lose,  besides,  a  great  deal  of  their  power,  from  the 
unfavourable  manner  in  which  they  are  applied  to  the  part  on 
which  they  are  to  act. 

The  flexion  of  the  head  does  not  depend  merely  on  its  very  con- 
siderable weight,  but,  likewise,;  on  the  want  of  spinous  processes 
In  the  cervical  vertebra,  since  the  principal  motions  of  the  neck 
are  performed,  not  so  much  by  articulation  with  the  atlas,  as  by 
the  union  of  the  oilier  cervical  vertebra. 

The  pelvis  of  the  child  is  but  imperfectly  evolved,  and  its  upper 
ouilet  very  oblique,  The  viscera,  ,w  liich  are  afterwards  to  be  con- 
tained wiihin  its  cavity,  are,  for  the  greater  part,  situated  above 
it.  This  obliquity  of  the  pelvis  w  ould  require  a  perpetual  straight- 
ening of  the  vertebral  column  to  prevent  the  direction  of  the  cen- 
tre of  gravity  from  obeying  its  natural  tendency  forward.  On  the 
other  hand,  the  vertebral  column,  resting  on  a  narrow  pelvis,  is  less 
firmly  fixed,  and  may  more  readily  be  drawn  beyond  the  limits  of 
the  base  of  sustentation.  Lastly,  the  limited  extent  of  the  pelvis, 
together  with  its  obliquity,  caus-es  the  ill  supported  abdominal  vis- 
cera to  fall  on  the  anterior  and  inferior  part  of  the  parietes  of  the 
abdomen,  and  favours  the  fall  of  the  body  in  the  same  direction. 

The  pateila,  w  hich  answers  the  double  purpose  of  giving  firmness 
to  the  knee  joint,  in  front  of  which  it  is  placed,  and  of  increasing 
the  power  of  the  muscles  of  the  leg,  by  placing  them  at  a  distance 
from  the  centre  of  motion  in  that  articulation,  and  by  increasing 
the  angle  at  which  they  are  inserted  into  the  tibia,  as  yet  does 
not  exist  in  new  born  children.  The  tendinous  portion  of  the 
extensors  of  the  leg,  where  the  patella  is  hereafter  to  be  formed,  is 
merely  of  a  more  condensed  tissue,  and  of  a  cartilaginous  hard, 
ness.  j  . 

The  want  of  a  fulcrum  is  attended  with  a  continual  disposition 
in  the  leg,  to  bend  upon  the  thigh,  and  the  parallel  direction  of  its 
extensor  rr.u-cles,  occasions  a  complete  loss  of  their  effective  pow- 
er. Then  their  antagonizing  muscles  induce  a  (lexion  of  that  limb, 
which  is  the  more  considerable,  as  it  is  but  imperfectly  liniited  by 
the  tendon  which  is  situated  at  the  fore  part  of  the  knee. 

The  length  of  the  os  calcis,  the  extent  of  its  projection  beyond 
the  inferior  extremity  of  the  bones  of  the  leg,  tend  to  give  firmness 
to  the  erect  posture.by  increasing  the  length  of  the  lever,  by  w  hich 
the  extensors  of  the  foot  act  on  the  heel,  and,  as,  in  the  new  born 
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child,  this  bone  is  shorter  and  less  projecting,  the  power  of  these 
muscles,  whose  insertion  is  very  near  the  centre  of  motion  of  the 
articulation  of  the  foot,  is  greatly  diminished. 

The  feet,  in  man,  are  broader  than  those  of  any  other  animal,  and 
to  this  breadth  of  the  surface  of  the  base  on  which  he  rests,  he,  in 
great  measure,  owes  the  advantage  of  being  able  to  support,  on 
one  leg  or  on  both,  the  weight  of  his  body,  in  standing  and  in  the 
different  motions  of  progression  ;  while  the  other  mammalia  cannot 
support  themselves,  at  least  only  for  a  very  limited  time,  without 
resting  on  three  of  their  extremities.  When  I  say  that  from  the 
extent  of  his  feet,  the  body  of  man  does,  of  all  animals,  rest 
on  the  broadest  surface,  I  do  not  take  into  account  the  space 
•which  those  parts  include  between  them  when  apart  from  each 
other.  In  fact,  the  space  which  is  measured  by  the  feet,  is 
much  greater  in  quadrupeds  than  in  man.  Nature  has  made  up 
for  the  disadvantage  arising  out  of  the  smallness  of  their  feet,  by 
the  distance  at  which  they  are  placed  ;  and  if  that  form  disables 
them  from  standing  on  two  feet,  it  gives  firmness  to  their  peculiar 
mode  of  standing. 

The  feet  of  the  ourang  outang,  which,  in  the  general  structure  of 
his  organs,  bears  so  striking  an  analogy  to  the  human  species,  re- 
semble a  coarsely  formed  hand,  better  fitted  to  climb  the  trees  on 
•which  that  animal  seeks  his  food,  than  to  the  purposes  to  which 
man  applies  his  hands.  Thus  the  erect  posture  which  he,  at  limes, 
assumes,  is  neither  the  most  convenient  nor  the  most  natural  to 
him.  And,  according  to  a  philosopher  who  speaks  on  the  autho- 
rity of  several  travellers,  if  a  sudden  danger  obliges  him  to  make 
his  escape,  or  to  leap,  he  drops  on  all  fours,  and  discovers  his 
real  origin  ;  he  is  reduced  to  his  own  condition,  when  he  quits  that 
unnatural  attitude,  and  [discovers  in  himself  an  animal,  which, 
like  many  a  man,  has  no  better  quality  to  recommend  him  than  a 
specious  disguise. 

The  feet  are  the  parts  least  developed  in  the  new  born  child  : 
his  body  is  insecure  on  that  narrow  basis ;  the  prolongation  of  the 
line  of  his  centre  of  gravity,  which  so  many  other  causes  tend  to 
carry  beyond  that  base,  will  be  the  more  inclined  (o  fall  beyond  it, 
from  its  small  extent.  The  greater  number  of  the  differences 
which  have  just  been  examined,  depend  on  the  mode  of  nutrition 
in  the  foetus.  The  umbilical  arteries  bring  to  the  mother  the 
blood  which  the  aorta  carries  towards  the  lower  parts,  and  only  a 
few  small  bianches  are  sent  to  the  pelvis,  and  to  the  lower  ex- 
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tremities.  Thus,  the  developement,  which  almost  uniformly 
bears  a  proportion  to  the  quantity  of  blood  sent  into  organs,  is 
but  imperfect  iu  those  parts  at  the  time  of  birth,  while  the 
head  of  the  trunk  and  upper  extremities  are  evolved  much  more 
considerably. 

The  new  born  child,  therefore,  resembles  quadrupeds  in  the 
physical  arrangement  of  his  organs.  This  analogy  is  the  more 
marked,  the  nearer  the  fcetus  is  to  the  period  of  his  formation,  and 
it  might  be  laid  down  as  a  general  proposition,  that  orgauized 
beings  resemble  one  another  more  closely,  the  nearer  to  the  pe- 
riod of  incipient  existence,  they  are  examined.  The  differences 
which  characterise  them  become  apparent,  in  proportion  to  the 
progress  of  evolution,  and  they  are  more  and  more  distinct,  as  the 
acts  of  life  are  repeated  in  the  organs  which  it  animates. 

The  unequal  distribution  of  power  in  the  muscles,  and  the  unfa- 
vourable disposition  of  the  parts  to  which  these  powers  are  applied, 
render  it  impossible1  for  the  infant  to  stand  upright,  that  is,  to 
keep  the  mean  lin  e  of  direction  of  his  body  nearly  perpendicular 
to  the  plane  which  supports  it.  But  in  proportion  as  he  advances 
in  age,  the  preponderance  of  the  flexors  over  the  extensors  ceases 
to  be  in  excess.  The  proportionate  size  of  the  head  and  of  the 
thoracic  and  abdominal  viscera  diminishes.  The  curvatures  of  the 
vertebral  column  begin  to  be  distinguishable,  the  spinous  pro- 
cesses of  the  vertebrae  are  evolved;  the  breadth  of  the  pelvis  is  in- 
creased, and  its  obliquity  lessened  ;  the  patella  becomes  ossified, 
the  os  calcis  juts  out  backwards,  the  relative  smallness  of  the  feet 
ceases.  By  degrees  the  child  learns  to  stand,  resting  on  both  or 
only  on  one  of  his  feet;  his  eyes  naturally  directed  towards 
heaven,  a  noble  prerogative  which,  if  one  might  believe  Ovid,*  is 
possessed  by  man  alone  of  all  the  animals. 

-Man  is  of  all  animals  the  only  one  that  can  stand  upright  and 
walk  in  that  attitude,  when  his  organs  are  sufficiently  evolved. 
Let  us  now  point  out  some  of  the  principal  causes  to  which  that 
privilege  is  to  be  ascribed. 

CLXXXI.  Though  the  articulation  of  the  head  to  the  cervical 
column  does  not  correspond  either  to  its  centre  of  magnitude, 

»  Os  homini  sublime  dedit,  ccelumquc  lutrt 
J ussit,  et  erectos  ad  sidcra  lollere  vullus. 
TW  verses  may  be  much  more  justly  applied  to  the  fish,  called  by  natiu 
rahsu  Uranoscopus.    Its  eyes  are  urDtd  upwards,  and  con=tanllylook  towards 
the  heavens. 
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ol-  to  its  centreof  gravity,  and  though  it  is  nearer  to  the  occiput 
than  to  the  chin,  its  dislance  from  the  latter  is  much  smaller  in 
man,  than  in  the  monkey  and  other  animals,  whose  foramen  mag- 
num is,  according  to  Daubenton,  placed  nearest  to  the  poste- 
rior exlremity  of  the  head,  when  they  resemble  man  the  least.  The 
head,  therefore,  is  very  nearly  in  equilibrio  on  the  column  which 
Supports  it;  at  least  to  keep  it  in  that  position,  a  very  slight  power 
is  h  quired,  while  the  head  of  a  quadruped,  which  has  a  constant 
tendency,  .towards  the  ground, requires  to  be  supported  by  a  part  ca- 
pable of  a  great  and  continued  resistance.  This  purpose  is  answered 
by  the  posterior  cervical  ligament,  so  remarkable  in  those  animals, 
attached  to  the  spinous  processes  of  the  vertebra;  and  to  the  pro- 
tuberance of  the  occipital  bone,  which  projects  much  more  in  them 
than  in  the  human  species,  in  whom  instead  of  a  posterior  cervical 
ligament,  there  is  found  a  mere  lino  of  cellular  substance,  dividing 
the  nape  of  the  neck  into  two  equal  parts. 

The  alternate  curvatures  of  the  vertebral  column,  the  breadth 
of  the  pelvis  and  of  the  feet,  the  great  power  of  the  extensors  of  the 
foot  and  thigh*,  all  these  favourable  conditions,  observable  in 
man,  are  wanting  in  animals;  but  as,  in  the  latter,  every  thing  con- 
curs to  prevent  their  being  capable  of  standing  on  two  feet, 
in  man  every  thing  is  so  disposed,  as  to  render  it  very  difficult  for 
him  to  rest  on  his  four  extremities.  In  fact,  independently  of  the 
great  inequality  which  there  is  between  his  upper  and  lower  limbs, 
a  difference  of  length  which,  being  less  sensible  in  early  life,  makes 
.  it  less  uneasy  for  a  child  to  walk  on  his  hands  and  feet,  these  four 
limbs  are  far  from  affording  the  body  an  equally  solid  support. 
The  eyes  being  naturally  forwards,  are,  in  that  attitude,  di- 
rected towards  the  earth,  and  do  not  embrace  a  sufficient 
space. 

We  cannot,  therefore,  agree  with  Barthez,  that  man,  during 
infancy,  is  naturally  a  quadruped,  since  he  is  then  but  an  imper- 
fect biped  :  (CLXXX)  nor  can  we  admit  that  man  might  valk 
on  all  fours,  all  his  life,  if  he  were  not  broken  of  the  bad  habit 
which  he  learns  in  infancy. 

CLXXXfl.  Very  little  has  been  added  to  what  Galen  has 
paid  in  his  admirable  work  on  the  structure  of  parts,  relative  to 
the  respective  advantages  attending  the  peculiar  conformation  and 
structure  of  the  upper  and  lower  limbs.    It  is  easy  to  see,  that  in 

. 

»  These  muscles  form  the  calf  of.  the  leg  and  the  buttocks;  in  no  animal 
are  these  masses  of  ilesh  more  prominent  than  in  man. 
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combining,  as  much  as  possible,  strength  and  facility  of  motion, 
Nature  Iris  made  the  former  predominate  in  the  structure  of  the 
inferior  extremities,  while  she  has  saCriGced  strength  to  faci- 
lity, to  precision,  to  exteut,  and  rapidity  of  motion,  in  the  upper 
extremities. 

To  convince  oneself  of  the  truth  of  what  has  been  stated,  it  is 
sufficient  to  compare,  under  the  two  relations*  of  the  resistance 
of  which  they  are  capable,  and  of  the  motions  which  they  allow, 
the  pelvis  to  the  shoulder,  the  thigh  to  the  humerus,  the  leg  to  the 
forearm,  and  the  foot  to  the  hand. 

The  inferior  extremities,  if  examined  when  the  bones  are  covered 
with  the  soft  parts,  will  present  the  appearance  of  an  inverted  cone 
or  pyramid,  which,  at  first  sight,  appears  contrary  to  the  object 
which  Nature  had  in  view  ;  but  if  the  bones  be  stripped  of  their 
fleshy  coverings,  these  solid  supports  will  be  seen  to  represent  a 
pyramid,  whose  base  is  at  (he  lowest  part  and  formed  by  the  foot, 
and  which  decreases  in  breadth  upward  from  the  leg,  formed 
by  the  union  of  two  bones,  towards  the  thigh,  consisting  of  only 
one  bone.  : 

If  it  be  asked  why  the  inferior  extremities  are  formed  of  several 
pieces,  detached  and  placed  one  above  the  other,  it  will  be  found 
that  they  are  thereby  much  more  solid,  than  if  formed  of  one 
bone,  since,  according  to  a  theorem,  demonstrated  by  Eulert 
two  columns  containing  the  same  quantity  of  matter  and  of  equal 
diameter,  have  each  a  solidity  in  inverse  ratio  of  the  squares  of 
their  height:  in  other  words,  of  two  columns,  containing  the 
same  materials,  of  equal  diameter,  and  of  unequal  height,  the 
smaller  is  the  stronger. 

■ 

•  Se<;  the  anatomical  observations  on  the  neck  of  the  thigh  bone,  which  I  have 
prefixed  to  a  memoir  which  bears  the  title  of  Dissertation  anatomico-chirur- 
gicali  sur  Us  fractures  du  cot  du  femur.    Paris,  an  VII. 

f  Methodus  inveniendi  tineas  curcas. 

Nature  hns,  therefore,  increased  the  number  of  these  columns  in  the  extremi- 
ti.-,  of  quadrupeds,  by  raising  their  heel  and  the  different '-parts  of  the  foot, 
whose  bones  she  has  lengthened,  to  make  of  them  so  many  secondary  les;s. 
Taete  numerous  columns  placed  above  one  another,  are  alternately  inclined, 
and  in  a  state  of  habitual  flexion,  in  the  quadrupeds  remarkable  for  swiftness  in 
running  or  for  their  power  in  leaping,  as  in  the  hare  and  squirrel,  while  in  the 
ox,  and  especially  in  Die  elephant,  they  are  all  placed  vertically,  so  that  the  en- 
ormous mass  of  the  latter  rests  on  four  pillars,  the  different  pieces  of  which  arc 
short,  and  so  slightly  moveable  on  one  another,  that,  as  Barthez  observes,  Saint 
Ba,il  has  adopted  the  error  of  Pliny,  ./Elian,  and  several  other  writers  of  anti- 
quit)  ,  that  there  arc  no  articulations  in  the  legs  of  that  monstrous  animal. 


The  long  bones,  which  by  their  union  form  the  inferior  estre* 
mity,  contain  a  cavity  which  adds  to  their  strength,  for,  according 
to  another  theorem,  explained  by  Galileo,  two  hollow  columns  of 
the  same  quantity  of  matter,  of  the  same  weight  and  length,  bear 
to  each  other  a  proportion  of  strength  measured  by  the  diameter 
of  their  internal  excavations. 

The  breadth  of  surface  of  the  articulations  of  the  inferior  extre. 
mities,  assists,  materially,  in  giving  them  additional  strength, 
when,  in  standing,  these  bones  are  in  a  vertical  direction.  No  ar- 
ticulation has  a  broader  surface  than  that  of  the  thigh  with  the 
leg  and  knee  pan.  Among  the  orbicular  articulations,  no  one  has 
more  points  of  contact  than  the  joint  of  the  thigh  bone  to  those 
of  the  pelvis.  Professor  Barthez  says,  that  when  the  body  is  erect, 
the  head  of  the  thigh  bone  and  the  acetabulum  of  the  os  innoniina- 
tum,  which  receives  that  bone,  come  in  contact  in  a  surface  of 
small  extent.  I  am,  on  the  contrary,  of  opinion  that  in  no  possi- 
ble case  can  the  contact  of  two  bones  be  more  complete.  The  mid- 
dle line  of  direction  of  the  upper  part  of  the  thigh  bone,  it 
then  exactly  perpendicular  to  the  surface  of  the  condyloid  cavity, 
which  embraces  and  touches,  in  nearly  every  point,  the  almost 
spherical  head  of  that  bone. 

The  cervix  on  which  the  head  of  the  bone  is  placed,  by  keeping 
the  thigh  bone  at  a  distance  from  the  cavity  of  the  pelvis,  increases 
the  extent  of  the  space,  in  w  hich  the  centre  of  gravity  may  vary 
without  being  carried  beyond  its  limits. 

CLXXXIII.  The  erect  posture  does  not  imply  a  perfect  ab- 
sence of  motion.  It  is,  on  the  contrary,  accompanied  by  a  stag- 
gering which  is  the  more  marked  in  proportion  as  the  person 
has  less  strength  and  vigour.  These  perpetual  oscillations , 
though  but  slightly  distinct,  in  a  man  who  stands  upright,  depend 
on  the  incapacity  of  the  extensors  to  keep  up  a  constant  state  of 
contraction,  so  that  they  become  relaxed  for  a  short  time,  and  the 
intervals  of  rest  in  the  extensors  are  frequent,  in  proportion  to  the 
weaker  state  of  the  subject. 

Some  physiologists  have  given  a  very  inaccurate  idea  of  standing, 
by  making  that  attitude  depend  an  a  general  effort  of  the  muscles ; 
the  extensors  only,  are  truly  active.  The  flexors,  far  from  assist- 
ing, tend,  on  the  contrary,  to  disturb  the  relation  between  the 
bones,  necessary  to  render  that  state  permanent.  This  explains, 
why  standing  is  so  much  more  fatiguing  than  walking,  in  which, 
the  extensors  and  flexors  of  the  litnbs,are  in  alternate  action  aud  rest. 
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It  may  be  said,  nevertheless,  that  to  give  the  greater  firmness  to 
the  attitude,  we  sometimes  contract,  in  a  moderate  degree,  the  flex- 
ors themselves  ;  then,  that  great  part  of  the  real  force  of  the  mus- 
cles, which  acts  according  to  the  direction  of  the  levers  which  they 
ore  to  set  in  motion  (CLXV.)  and  which  is  completely  lost  in  the 
difloreut  motions  which  they  produce,  is  usefully  employed  in. 
drawing  together  the  articular  extremities,  in  keeping  theirsurfaces 
firmly  applied  to  each  other,  and  in  maintaining  their  exact  super- 
position which  is  necessary  to  the  erect  posture  of  the  body.  Noona 
that  I  know  of,  had  taken  notice  of  this  employment  of  the  greater 
portiou  of  our  muscular  power,  which  was  thought  completely  lost 
by  the  unfavourable  arrangement  of  our  organs  of  motion.  The 
line,  according  to  which  all  the  parts  of  the  body  bear  on  the  plane 
"which  supports  them,  has  much  more  tendency  to  fall  forwards  than 
backwards;*  and  falls  forward  are  the  most  common  and  the 
easiest.  Thus,  nature  has  directed,  in  the  same  direction,  the 
motion  of  the  hands,  which  we  carry  forward  to  break  the  force  of 
our  falls,  to  prevent  too  violent  shocks,  and  to  lessen  their  effect. 
At  the  same  time,  she  has  provided  means  of  protection  towards 
the  sides  which  the  hands  could  not  guard.  She  has  given  more 
thickness  to  the  back  pari,  of  the  skull;  the  skiu  which  covers  the 
neck  and  back,  is  much  denser  than  that  which  covers  the  fore 
part  of  the  body.  The  scapula,  in  addition  to  the  ribs,  protects 
the  posterior  part  of  the  chest.  The  spinal  column  lies  along  the 
whole  length  of  the  back;  the  bones  of  the  pelvis  have  their  whole 
breadth  turned  backward. 

Fall3  are  the  more  serious,  as  they  occur  in  a  more  perfect  state 
of  extension  of  the  articulations  ;  the  falls  of  a  child  whose  limbs 
are  in  an.  habitual  state  of  flexion,  are  much  less  dangerous  than 
those  of  a  strong  and  powerful  adult,  whose  body  falls  in  one  piece, 
if  I  may  be  allowed  that  expression.  The  falls  which  skaiters 
meet  with,  on  the  ice,  are  often  fatal  from  fracture  of  the  skull 
which  placed  at  the  extremity  of  a  long  lever  formed  by  the  whole 
body,  whose  articulations  are  on  the  stretch,  strikes  the  slippery 
and  solid  ice,  with  a  momentum  increased  by  the  quickness  of  the 
fall. 

*  This  tendency  is  much  less  distinct  in  tall  slender  men.  It  is  observed,  that 
tney,  foe  iht:  most  part,  stoop  in  walking,  less  from  (he  habit  of  bending  forward, 
than  to  prevent  the  centre  of  gravity  from  falling  behind.  Pregnant  women, 
<ir'ip«ical  patirnH,  all  persons  who  have  much  embonpoint,  throw  their  body 
fc'ick,frum  an  oppotite  aad  easy  understood  re.nou.  , 
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Vfe  have  already  seen,  that  wading  fowls  remain  a  long  while 
standing,  without  effort,  by  means  of  a  peculiar  contrivance  in 
the  articulation  of  (he  tibia  to  the  thigh  bone,  Lit  all  other  birds, 
are  obliged  to  employ  muscular  action  when  standing,  except 
during  sleep.  The  greater  part,  it  is  well  known,  roost  on  a 
branch  which  they  grasp  firmly  will)  their  claws.  Now,  this  con- 
striction, by  which  they  cling  to  their  support,  is  a  necessary  re- 
sult of  the  manner  in  which  the  tendons  of  the  flexors  of  their  feet 
descend  along  their  legs. — These  tendons  pass  behind  the  articula- 
tion of  the  heel  ;  a  muscle  which  arises  from  the  pubis  joins  them, 
as  it  passes  in  front  (»f  the  knee,  sothat  the  bird  has  but  to  give 
way  to  his  weight,  and  the  joints,  becoming  salient  on  the  side 
along  which  the  tendons  run,  stretch  and  pull  them,  and  make 
them  act  upon  the  feet,  so  as  to  draw  in  the  claws  to  clasp  tightly 
the  branch  on  which  he  is  perched,  Borelli  was  the  first  wh« 
understood  distinctly  and  explained  satisfactorily  this  pheno- 
menon*. 

CLXXXIV.  Although  standing  on  both  feet  is  most  natural 
toman,  he  is  able  to  stand  on  one;  but  the  posture  is  fatiguing, 
from  the  forced  inclination  of  the  body  to  the  side  of  the  leg 
which  supports  him,  and  the  effort  of  contraction  required  to  keep 
up  this  lateral  inflexion.  The  difficulty  increases  if,  instead  of 
resting  on  the  entire  sole,  we  chuse  to  stand  on  the  heel  or  on  the 
toe  :  the  base  of  support  is  then  so  small,  that  no  effort  is  sufficient 
to  keep  the  centre  of  gravity,  long  together,  in  the  requisite  si- 
tuation. 

As  to  the  degree  of  separation  of  the  feet,  which  gives  the 
firmest  possible  stand,  it  depends  upon  their  length.  When  they 
enclose  a  perfect  square,  that  is,  when,  faking  their  length  at  nine 
inches,  each  side  of  the  quadrilateral  figure  is  of  that  measure, 
the  stand  is  Che  firmest  that  can  be  conceived.  Nevertheless,  we 
are  far  from  keeping  or  taking  this  posture  to  prevent  falls.  The 
wrestler,  who  wants  to  throw  his  antagonist,  strides  much  more  ; 
but  then,  he  loses  on  one  side  what  he  gains  on  another;  and  if 
he  stride  36  inches,  on  the  transversal  line,  it  will  need  much 
greater  force  to  overthrow  him  on  that  side  ;  but  it  will  take  much 
less  to  throw  him  forwards,  or  on  his  back.  Wherefore,  one  of 
the  great  principles  of  this  gymnastic  art,  is  to  bring  back  the  feet 

*  Demotu  animtrlinm,  Prop.  150.  Qnvritur  guari  aves  stando,  ramis  arb»- 
rum  comprtluntis,  quiescunt  ct  dormiunt  absque  wumtii   Tab.  II.  fig.  7. 
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to  a  moderate  stride,  in  the  line  of  the  effort  which  is  foreseen  to 
require  resistance.  I 

There  is  somo  resemblance  to  standing,  in  the  attitudes  of  kneel- 
ing ami  sitting. 

la  the  lirst,  the  weight  of  the  body  bears  upon  the  knees,  and 
we  must  bring  hack  the  body,  to.  throw  the  centre  of  gravity  over 
the  middle  of  the  legs.  Accordingly,  if  we  have  nothing  before 
us  to  leau  on,  this  posture  is  extremely  distressing,  and  we  cannot 
loug  keep  it  on.  I  have  said,  in  another  work,  that  genuflexion 
rendered  monks  very  liable  to  hernia;  the  abdominal. viscera  be- 
ing pushed  against  the  anterior  and  lower  part  of  the  abdomen,  by 
the  throwing  back  of  the  body. 

In  sitting,  the  weight  of  the  body  bearing  on  the  tuberosities  of 
the  ischia,  ihere  is  much  less  effort  required  than  in  standing  on 
the  feet.  The  base  of  support  is  much  larger;  and  when  the  back 
leans,  almost  all.  the  extensor  muscles  employed  in  standing,  are  in 
■action.-;,         II0  ghjj  ,,„"'•    _ej     idah  idi   ■  ■   ■  >  t 

CLXXXV.  Of  'the  recumbent  posture.  Decubitus.  All  the  authors 
wbo,like  Borelli,  ha?e  treated  professedly  of  the  animal  mechanism  ; 
all  the  physiologists,  who,  like  Haller,  have  set  forth,, in  some  de- 
tail,  the  mechanism  of  standing,  and  of  progression,  have  com- 
pletely passed  over  the  consideration  of  the  human  body  in  repose^ 
left  to  its  own  weighs  in  lying  on  an  horizontal  plane.  The.inten« 
ti on  of  the  following  observations  is  to  fill  up  this  -gap.  Let  us 
consider,  at  setting  out,  that  lying  on  an  horizontal  plane,  is  the 
only  posture  in  which  all  the  locomotive  muscles  recover  the  prin- 
ciple of  their  contractility,  exhausted  by  exertion.  Standing 
without  motion,  has  only  the  appearance  of  repose,  and  the  unre- 
mitted contractions  it  requires,  fatigue  the  muscular  organs,  more 
than  the  alternate  contractions,  by  w  hich  the  various  motions  of 
progression  are  carried  ioto  effect. 

The  human  body,  stretched  on  an  horizontal  plane,  reposes  in 
four  positions ;  as  it  lies  on  the  back,  the  belly,  or  one  or,  other 
of  the  sides.  The  Latin  tongue  expresses  the  first  two  situations, 
by  the  terms  supine  and  prone,  it  has  no  particular  word  for 
lying  upon  the  side. 

Lying  upon  the  right  side  is  the  most  ordinary  posture  of  sleep, 
in  which  we  rest  most  pleasantly,  and  longest  together.  There 
are  very  few,  except  under  constraint  of  some  faulty  organiza- 
tion, who  lie  on  the  oth'.r  side.  This  depends  on  two  causes  ; 
when  the  body  lies  on  the  left  side,  the  liver,  a  bulky  viscus,  very 
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heavy,  and  ill  steadied  in  tbc  right  hy  pochondrium,  proses  with 
all  its  weight  on  the  stomach,  and  draws  down  the  diaphragm  : 
thence  ensues  an  uneasiness,  which  hinders  long  continuance  of 
6leep,  or  disturbs  it  with  distressing  dreams:  then  the  human 
stomach  presents  a  canal  in  which  the  course  of  its  contents  is 
obliquely  directed  from  above  downward?,  and  from  left  to  ritilit  : 
the  right  or  pyloric  orifice  of  the  stomach  fa  much  less  raised  thau 
itsjleft  or  cardiac  orifice  ;  lying  on  the  right  side  favours,  therefore, 
the  descent  of  aliments,  which,  to  pass  into  the  intestines,  are  not 
obliged  to  ascend  against  their  own  weight,  as  they  must,  in  lying 
on  the  left  side.  These  two  anatomical  causes  exert  their  influence 
on  the  generality  of  men,  and  if  there  are  any  who  fall  into  tho 
habit  of  lying  on  the  left,  one  may  safely  conjecture  some  vicious 
organization/  or  some  accidental  cause,  that  determines  them,  as 
by  instinct,  to  this  posture. 

Let  us  suppose  an  effusion  of  blood,  water,  or  pus  in  the  sac  of 
the  pleura  of  the  right  side.  The  patient  lies  on  this  side,  that 
the  weight  of  his  body  may  not  oppose  the  dilatation  of  the  sound 
side  of  the  chest.  The  parietes  of  this  cavity  are  not  equally  dis- 
tant from  its  axis;  the  pressure  of  the  body  on  the  plane  of  sup- 
port, prevents  the  separation  of  the  ribs,  whether  as  a  mechanical 
hindrance  to  the  displacement  of  these  bones,  or  in  numbing  the 
contractility  of  the  muscles  of  inspiration,  all  more  or  less  com-, 
pressed  :  Now,  as  the  healthy  lung  must  supply  the  place  of  the 
diseased,  nothing  could  be  more  in  the  way  than  to  produce,  on 
that  side,  by  a  bad  posture,  a  constraint  equal  to  that  occasioned 
by  disease,  on  the  other. 

It  has  long  been  imagined,  and  it  is  taught  still,  that,  in  thoracic 
effusions,  patients  lie -on  the  side  of  the  effusion,  to  hinder  the 
effused  11  uid  from  pressing  on  the  mediastinum,  and  pushing  it 
against  the  opposite  lung,  of  which  it  wi!l  constrain  the  develope- 
ment.  The  following  experiments  shew  clearly  enough  the  error 
of  such  a  supposition  : 

I  have  several  times  produced  artificial  hydrothornx,  by  in-* 
jeoting,  with -water,  the  chest  of  several  bodies,  ihroueh  a  wound 
in  one  of  the  sides,  This  experiment  can  be  made,  only  on  bodies 
in  which  the  lungs  are  free  from  adhesion  to  (he  parietes  of  the 
chest,  and  the  number  is  smaller  than  might  be  imagined ;  you 
may  introduce  in  this  way  from  three  to  four  pints  of  water,  i 
afterwards  opened  carefully  the  opposite  side  of  the  chest :  the 
rjbs  removed  and  the  lung  displaced,  gave  room  to  set  distinctly 
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the  septum  of  the  mediastinum  stretched  from  the  vertebral  coliima 
to  the  sternum,  and  supporting,  without  yielding,  the  weight 
of  the  liquid,  whatever  might  be  the  po«ture  given  to  the  body. 

It  is  for  the  slake  then,  evidently,  of  not  preventing  the  dilata- 
tion of  the  sound  part  of  the  respiratory  apparatus,  already  con. 
demned  in  one  part  to  inaction,  that  patients,  in  thoracic  effusion, 
lie  constantly  on  the-  side  of  the  effusion.  It  is  for  the  same  mo- 
tive, to  which  we  may  add  that  of  not  increasing  the  pain  by 
dragging  downward  the  inllamed  pleura,  that  patients  in  pleu- 
risy lie  on  the  affected  side.  The'same  thing  happens  in  peripneu- 
monies;  in  a  word,  in  all  diseased  affections  of  the  lungs  and  pa- 
rk tes  of  the  chest. 

Lying  on  the  back,  which  is  unusual  in  health,  is  natural  in 
many  diseases.  It  commonly  indicates  more  or  less  weakness  of 
the  muscles  of  inspiration.  The  contractile  powers  w  hich  perform 
the  dilatation  of  the  chest,  when  affected  with  adynamia,  in  fevers 
of  a  bad  character,  or  after  extreme  fatigue,  carry  very  imper- 
fectly into  effect  this  dilatation.  Nevertheless,  a  determinate 
quantity  of  atmospherical  air,  must  be  admitted,  every  moment, 
into  the  lungs,  and  the  general  weaknesswould  be  increased,  if  res- 
piration did  notimpregnate  the  blood  with  a  sufficiency  of  oxygen  : 
patients  choose,  therefore,  the  posture  which  makes  the  dilatation 
of  the  lungs  easiest  for  their  weakened  muscles.  The  posterior  pa- 
ries of  the  chest  on  which  the  body  reposes,  in  lying  upon  the  back, 
is  almost  useless  in  the  expansion  of  the  cavity.  The  ribs,  which 
have  the  centre  of  their  motions  in  their  articulation  with  the  ver. 
ttbral  column,  are  almost  immoveable  back  wards,  and  the  movea- 
bleuess  of  these  bones,  increases  with  the  length  of  the  lever  which 
they  represent.  So  that,  no  where  is  it  greater  than  at  the  anie- 
rior  extremity  terminating  in  the  sternum.  Thus,  lying  on  the 
back  has  the  double  advantage  of  not  constraining  any  of  the 
muscles  of  inspiration,  and  of  not  opposing  the  motion  of  the  ribs, 
eiceat  at  that  part  where  these  bones  have  the  least  play  :  lying 
on  the  back  is  one  of  the  characteristic  symptoms  of  putiid  op 
Adynamic  fever,  of  scurvy,  and  of  all  the  diseases  of  which  debility 
of  the  contractile  parts,  forms  the  principal  characteristic.  After 
the  fatigue  of  a  long  march,  or  of  any  other  continued 'exertion, 
we  take  this  position  in  lying,  and  change  if,  on|y  when  sleep  has 
sufficiently  replaced  the  loss  of  contractility. 

Lying  on  the  belly  has  effects  directly  the  reverse.  The  expan- 
sion of  the  chest  is  hindered,  exactly  where  the  bony  structure  is 
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formed  for  the  greatest  play  of  motion  :  the  abdominal  viscera  are 
besides  pushed  up  on  the  diaphragm, of  which  they  resist  (lie  depres- 
sion, and  the  posture  is  accordingly  unusual.  The  coutinuance  of 
it  during  sleep  is  possible  only  to  the  robust :  others,  even  when 
they  do  fall  asleep  in  this  posture,  *oon  wake  from  troubled  and 
distressing  dreams,  under  the  agony  known  by  the  name  of  the 
night-mare,  We  sometimes  seek  this  posture  to  constrain  respi- 
ration, aud  so  abate  inward  excitation,  in  the  ardowr»  for  instance, 
of  a  febrile  paroxy  sm. 

The  different  postures  of  lying  having  reference  to  the  degrees 
of  facility  of  respiration,  very  young  children  and  persons  ad- 
vanced in  years,  prefer  lying  on  the  back,  this  posture  being,  as 
wa?  already  observed,  the  most  favourable  to  the  motions  of  respi- 
ration. Rt  spiiation,  like  all  the  other  functions  of  the  animal  eco, 
nomy,  with  the  exception  of  the  circulation  and  of  the  phenomena 
which  immediately  depend  on  it,  requires  a  kind  of  cultivation;  it 
is  but  feebly  performed  at  an  early  period  of  life.  It  is  only  after 
a  certain  number  of  years,  and  when  the  muscles  of  respiration, 
at  first  small  and  weak,  acquire  strength  from  the  very  circum- 
stance of  being  called  into  frequent  action,  that  the  chest  dilates 
with  facility,  and  that  the  lungs  enjoy  the  full  exercise  of  their  fa-? 
culties.  Until  that  period,  the  enlargement  of  the  chest  and  the 
dilatation  of  the  lungs  took  place,  in  an  imperfect  manner,  the 
child  was  unable,  even  by  spitting,  to  free  itself  of  the  mucus  with 
which  its  bronchiae  are  apt  to  get  filled,  and  which  render  the  pul- 
monary catarrh,  called  the  hooping  cough,  so  dangerous  at  an 
early  period  of  life.  In  like  manner,  in  an  old  man,  the  muscles, 
debilitated,  and  returned  to  the  relative  weakness  of  infancy,  in 
vain  strive  to  clear  the  air  cells  of  the  mucus  with  which  they  be- 
come obstructed  in  the  suffocating  catarrh.  The  mechanical  pro- 
cess of  respiration  is,  therefore,  equally  difficult  in  the  child,  from 
the  weakness  of  the  muscles  which  have  remained  in  along  conti- 
nued state  of  inactivity ;  in  the  old  man,  from  the  debility  of  the 
same  ^rgans  and  from  the  induration  of  the  cartilages.  Thus, 
at  those  two  distant  periods  of  life,  it  is  most  natural  to  lie  on 
one's  bark,  but  (here  is  a  sufficiently  remaikable  difference  in  that 
respect,  and  which  may  now  be  inquired  into. 

In  the  foregoing  observations,  1  have  always  spoken  of  the  hu. 
man  body  as  stretched  on  a  perfectly  horizontal  plane.  It  is  sel- 
dom, however,  that  we  rest  on  such  a  surface  ;  almost  every  one, 
and  especially  persons  advanced  in  life,  require  that  the  plane 
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should  be  inclined,  and  that  the  head  should  be  raised,  to  a  certain 
degree,  else  the  brain  would  become  affected  with  a  fatal  conges- 
tion of  blood.  Children,  on  the  other  hand,  suffer  no  inconve- 
nience from  a  neglect  of  this  precaution,  whether  it  is  that,  in  them, 
the  vital  power  has  more  energy,  and  thus  balances  better  the  laws 

of  mechanics,  by  opposing  more  powerfully  the  effects  of  gravita- 
tion, or  whether  it  is,  that  in  ver^  young  children,  the  parietes  of 
the  arteries  within  the  skull,  have  a  proportionate  thickness,  and 
consequently  greater  power.  The  extreme  disproportion  observ- 
able in  adults,  in  the  thickness  of  the  parietes,  between  the  cere- 
bral arteries  and  those  of  other  parts  of  the  body,  is  but  trilling  in 
children;  and  may  not  this  difference  of  structure,  which  I  have 
several  times  observed  in  the  course  of  dissection,  be  considered  as 
one  of  the  principal  causes  which,  in  old  age,  bring  on  apoplexy, 
a  disease  to  which  the  child  is  not  liable. 

It  is  well  known,  that  as  the  enlargement  of  the  chest  is  pro* 
duced  by  the  depression  of  the  diaphragm,  persons  who  have  taken 
a  plentiful  meal,  dropsical  patients,  pregnant  women,  cannot  rest, 
without  lying  on  a  very  inclined  plane,  so  that  the  chest  being  con- 
siderably raised  and  the  patient,  as  it  were,  seated,  the  weight  of 
the  abdominal  viscera  draws  them  towards  the  most;  depending 
part,  that  their  bulk  may  not  interfere  with  the  depression  of 
the  diaphragm. 

We  might  now  inquire  what  is  the  posture  in  which  the  body 
rests  with  least  fatigue;  this  investigation,  unimportant  to  the  phy- 
sician, would  be  of  the  highest  value  to  the  arts  which  have  for 
the'r  object  the  imitation  of  Nature.  In  consequence  of  igno- 
rance on  this  subject,  we  often  see,  in  the  works  of  several  of  our 
sculptors,  figures  in  attitudes  of  repose  so  incorrect  and  uneasy, 
that  they  could  not  maintain  them,  without  considerable  effort  and 
fatigue. 

CLXXXVT.  Of  the  motions  of  progression.  Of  walking. 
Waikin-.,  running,  and  leaping,  are  so  closely  connected,  that  it  is 
difficult  to  distinguish  them.  There  is,  in  fact,  very  little  difference 
between  walking,  in  a  certain  manner,  or  running  ;  and  running  is 
most  frequently  produced,  by  the  complicated  mechanism  of  run- 
ning and  leaping.  In  the  most  natural  way  of  walking,  we,  in  the 
first  instance,  poize  the  body  on  one  foot,  then,  bending  the  oppo- 
site foot  on  the  ieg,  the  latter  on  the  thigh,  and  the  thigh  on  the 
pHvis,  we  shorten  that  extremity;  we,  at  the  same  time,  carry  it 
forward,  extend  its  articulations  w.hith  were  bent,  and  when  firmly 
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applied  to  the  ground,  we  bend  the  body  forward,  and  carry  back 
theceutre  of  gravity  in  tliat  direction  ;  and  performing  the  samtf' 
motions  with  the  limb  which  remained  behind;  wc  measure  tiiu 
space  the  more  rapidly,  ca'f.eris  paribus,  as  the  levers  on  which  the 
centre  of  gravity  alternately  bears,  are  longer.  The  weight  of  the 
body,  compared  to  that  of  the  lower  extremities,  is  as  that  of  a 
Carriage  which  moves,  in  succession,  ou  the  different  spokes  of  its 
vvlitvls. 

The  centre  of  gravity  does  not  move  along  a  straight  line, 
but  between  two  parallels,  in  which  space  it  describes  oblique 
lines  from  the  one  parallel  to  the  otherj  and  forms  zig  zugs.  The 
oblique  direction  of  the  neck  of  the  thigh  bones,  accounts  for  the 
lateral  oscillations  of  the  body,  when  we  walk;  the  arms  which 
move,  in  a  different  direction,  from  that  of  the  lower  extremities, 
serve  to  balance  us,  preserve  the  equilibrium,  and  correct  the  stag- 
gering which  would  be  much  greater,  if  the  neck  of  the  thigh  bone, 
instead  of  being  oblique,  had  been  horizontal.  The  impulses  com- 
municated to  the  trunk,  are  reciprocally  balanced,  and  the  latter 
moves  in  the  diagonal  of  a  parallelogram,  whose  sides  are  repre- 
sented by  the  line  of  these  impulses.  We  constantly  deviate  from 
the  straight  line,  iu  walking,  and  if  the  sight  did  not  enable  us  to 
see,  at  a  distance,  the  object  towards  which  we  are  moving,  we 
should  go  to  a  considerable  distance  from  it.  If  you  place  a  man, 
-with  his  eyes  blind  folded,  in  the  middle  of  a  square  field,  he  will, 
in  his  attempt  to  get  out,  and  thinking  that  he  is  moving  in  a 
straight  line,  make  for  one  of  the  corners.  It  is,  almost  always, 
towards  the  left  that  we  deviate,  the  right  lower  extremity,  which 
is  the  stronger,  inclining  the  body  towards  the  opposite  side. 
Those  who  are  lame  depart  much  more  from  a  straight  line,  and 
deviate  towards  the  side  of  the  shorter  leg.  The  motions  which 
they  are  obliged  to  use,  and  which  render  their  gait  so  remarkable, 
are  occasioned  by  the  necessity  of  incessant  and  powerful  efforts, 
tp  prevent  (be  body  from  giving  way  to  its  own  weight,  and  to  the 
greater  power  of  the  sound  extremity,  which  inclines  it  towards 
tjie  affected  side. 

The  breadth  of  the  feet,  and  a  moderate  separation  of  these 
pads,  give  a  much  firmer  support  to  the  centre  of  gravity.  Thus, 
in  walking  on  amoving  and  insecure  surface,  we  hold  apart  our 
feet,  so  as  to  include  a  greater  base  of  sustentation.  Those  who 
have  long  been  at  sea,  acquire  such  a  habit  of  holding  their  feet 
sunder,  in  the  wafl  tty'y  are  obliged  to  do  during  the  rolling  of  a 


4.-3 


bhip,  that  they  canniiot  lose  the  habit,  even  when  on  shore,  and 
;ire  easily  recognized  by  their  gait.  A  sailor  is  unfit  for  active 
service,  till  he  has  acquired  what  is  called,  by  sea-faring  people,  a 
seamau's  foot,  that  is,  till  he  is  capable  of  stepping  firmly  on  the 
deck  of  a  vessel  tossed  by  the  tempest. 

The  gait  of  a  woman,  from  her  having  smaller  feet,  is  less  firm  ; 
but  ought  we,  from  that  circumstance,  to  infer,  with  the  most  elo- 
quent writer  of  the  eighteenth  century,  that  this  diminutive  size  of 
the  foot,  is  connected  with  the  necessity  of  her  being  overtaken  in 
flight.  The  concave  form  of  the  sole  of  the  feet,  by  enabling  them 
better  to  adapt  themselves  to  the  unereuness  of  the  soil,  concurs 
in  giung  a  firmer  footing  in  walking,  and  in  other  motions  of  pro-, 
gression.  Tliere  is,  jn  w  alking,  an  intermediate  moment,  between 
the  beginning  and  end  of  a  step,  during  which  the  centre  of  gra. 
rity  is  in  the  air;  this  lasts  from  the  moment  when  the  centre  of 
gravity  is  no  longer  in  the  foot  which  remains  behind,  till  it  re- 
turns into  the  other  foot  which  is  carried  forw  ard, 

Walking  is  modified,  according  as  it  takes  place  on  an  horizon- 
tal, or  an  inclined  plane;  in  the  latter  case,  we  ascend  or  descend, 
ajid  the  exertion  is  much  more  fatiguing.  To  explain  the  action 
of  ascending,  let  us  suppose  a  man  at  the  bottom  of  a  flight  ,  of 
stairs,  w  hich  he  wishes  to  go  up  .;  he  begins  bj  bending  the  arti. 
culations  of  the  limb  which  he  is  desirous  of  carrying  forward  ;  he 
raises  it  thas,  and  shortens  it  to  advance;  and  when  the  foot, 
which  is  in  a  state  of  semi-extension,  rests  on  the  ground,  he  ex- 
tends the  articulations  of  the  other  extremity,  carries  thus  the  body 
upward,  in  a  vertical  direction,  and  completes  this  first  step,  by 
contracting  the  extensors  of  the  leg  that  we/e  first  in  action, so  that 
they  may  bring  forward  and  restore  to  it  the  centre  of  gravity,  to 
\rhich  the  posterior  leg,  whose  foot  is  extended,  has  given  a  verti- 
cul  motion  of  elevation.  Hence,  in  ascending,  the  calves  of  the 
l*gs  and  knees,  especially  the  latter,  are  so  much  fatigued;  for, 
the  effort  with  which  the  extensors  of  the  foremost  leg,  bring  back 
again  upon  it  the  centre  of  gravity,  is  more  powerful  than  that  by 
which  the  gemelli  and  the  soleus  impart  to  it,  by  extending  the 
hindmost  foot,  a  motion  of  vertical  elevation. 

To  relieve  the  extensors  of  the  leg,  we  bend  the  body  forward, 
as  much  as  possible ;  we  lean  back,  on  the.  contrary,  in  descend- 
ing a  flight  of  stairs,  or  a  rapid  slope,  in  order  to  slacken  the  mo- 
tion, by  which  the  body  yielding  to  its  own  weight,  falls  on  the  leg 
that  is  carried  forward. 

3.  K 
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At  the  moment  when  the  centre  of  gravity  Js  no  longer  within 
the  base,  of  sustenta'tion,  all  the  powers  unite  in  action,  that  it  may 
fall,  as  little  as  possible,  from  a  vertical  direction.  The  glulai 
steady  the  pelvis,  and  straighten  the  thigh,  the  lumbar  muscles  ex- 
tend the  trunk  on  the  pelvis;  hence,  in  going  down  a  slope,  the 
loins  get  so  much  fatigued.  We  are  less  fatigued  in  going  down 
hill,  when  the  slope  is  moderate,  than  in  going  up  hill  ;  as  the 
force  of  gravitation,  or  the  weight  of  the  body,  assists  considera. 
bly  the  descending  vertical  motion.  The  motion  of  walkiug,  when 
wc  take  very  long  steps,  resembles  that  of  going  up  hill,  as  the 
body  being  lowered,  every  time  the  legs  are  much  apart,  requires 
to  be  elevated,  at  each  step,  towards  the  foremost  leg. 

At  every  step  we  take,  the  articulation  of  the  leg  with  the  foot 
is  the  principal  seat  of  an  effort,  to  which  physiologists  have  not 
paid  any  attention.  The  whole  weight  of  the  body  is  supported 
by  the  action  of  the  levator  muscles  of  the  heel,  and  the  astragalus 
supports  this  weight,  which  varies  according  to  the  corpulence  of 
the  person,  and  the  burthen  with  which  he  is  loaded.  The  weight  of 
an  adult,  of  common  stature  and  of  moderate  size,  may  be  estimated 
at  about  150  pounds;  but  which  sometimes,  in  corpulent  people, 
amounts  to  between  four  and  live  hundred  pounds.  If,  then,  to 
the  weight  of  the  body  there  be  added  that  of  the  burthens  which 
it  may  support,  it  will  be  conceived  how  immense  the  efforts  must 
be,  which  are,  as  it  were,  unconsciously,  carried  on,  in  the  articu- 
lation of  the  foot  with  the  leg.  But  how  numerous  the  resources 
which  nature  has  provided  to  overcome  this  great  resistance; 
how  many  the  circumstances  she  has  happily  combined  (o  ac- 
complish this  without  fatigue  !  In  the  fust  place,  the  foot  in  this 
action,  represents  a  lever  of  the  second  class,  and  this  lever,  it  is 
well  known,  is  the  most  advantageous,  the  resistance  being  always 
nearer  to  the  fulcrum  than  the  power,  and  the  arm,  by  which  the 
latter  acts,  consisting  of  the  whole  length  of  the  lever.  If  you  at. 
tend  to  the  mechanism  of  the  different  parts  of  the  skj  leton,  you 
will  no  where  find  so  powerful  a  lever  applied  in  so  favourable  a 
manner.  The  os  calcis,  by  carrying  the  foot  beyond  its  articula- 
tion with  the  leg,  adds  likewise  to  the  length  of  the  lever  by  which 
the  power  acts.  Its  length  has  considerable  influence  on  our 
strength,  on  our  power  of  taking,  without  fatigue,  long  walks,  or 
engaging  in  exertions  requiring  considerable  muscular  force  in  the 
lower  extremities.  The  negroes,  who  excel  in  running,  in  dancing, 
and  in  all  gymnastic  exercises,  have  a  longer  and  more  projecting 
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heel  than  Europeans.  They  dance  best,  whose  tendo  Achillis  is 
most  detached,  that  is  to  say,  projecting,  and  at  the  greatest  dis- 
tance from  the  axis  of  the  leg  ;  which  implies,  that  its  lower  attach- 
ment is  carried  back,  by  the  prolongation  of  the  os  calcis. 

Those  who  have  a  short  heel,  have  along  and  tlat  foot;  this  con- 
formation.which, when  marked,  is  faulty,  is  notonly  unfavourable  to 
beautv  of  form,  but  is  besides,  remarkably  injurious  to  the  strength 
of  the  limb,  as  well  as  to  freedom  of  motion.  Men  with  Hat  feet, 
are  always  bad  walkers,  hence,  this  flattened  form,  when  very 
considerable)  is  considered  as  unfitting  a  man  for  military  service. 
L  kstly,  the  term  denoting  this  physical  imperfection  (pieds  plats), 
is  accounted  insulting  in  the  French  language,  as  well  as  in  several 
others.  Out  let  us  go  on  with  our  inquiry  into  the  advantageous 
disposition  of  the  articulation  of  the  foot  with  the  leg,  for  facility 
in  walking,  and  in  the  ditl'erent  motions  of  progression. 

We  have  seen  that  the  tendons  are  generally  inserted  at  a  very 
acute  angle,  into  the  bones  on  which  they  act ;  in  the  present  in- 
stance, however,  the  insertion  takes  place  at  a  right  angle,  the 
common  tendon,  of  the  muscles  of  the  calf  of  the  leg  joining  the  os 
calcis,  at  the  angle  most  favourable  to  their  freedom  of  action. 
With  the  exception  of  the  muscles  which  move  the  head  and  lower 
jaw,  no  others  are  so  evidently  disposed  with  this  purpose.  Na- 
ture has  not  been  contented  with  forming  the  foot  in  such  a  man- 
ner as  to  afford  the  most  advantageous  lever,  to  which  the  moving 
powers  are  applied,  at  the  greatest  possible  distance  from  the  ful- 
crum and  at  the  angle  most  favourable  to  their  action;  she  has  fur- 
ther, increased  the  efficacy  of  this  action,  by  adding  extraordinarily 
to  the  number  of  muscular  fibres.  There  is  not,  in  the  body,  a 
stronger  mnscle  than  the  soleus,  whose  short  and  oblique  fibres  be- 
tween the  two  wide  aponeuroses  which  cover  its  anterior  and  pos- 
terior surfaces,  are  more  numerous  than  in  any  other  muscle,  as 
may  be  conceived,  by  considering  the  extensive  surfaces  to  which 
they  :■  i  e  :ttidched.  Besides,  the  tendo  Achillis  is  kept  in  a  due 
degree  of  straightness,  by  the  aponeurosis  of  the  leg  behind  it. 

I.very  thing,  in  the  powers,  as  well  as  in  the  levers,  is  formed  so 
as  to  overcome  the  resistance,  without  difficulty;  that  is,  so  as 
to  raise  the  weight  of  the  body,  by  the  extension  of  the  foot,  the 
end  of  which  rests  on  the  ground,  in  every  motion  of  progression. 

I  his  immense  power  with  which  the  muscles  of  the  calf  of  the 
leg  act  to  raise  the  heel,  and  to  support  the  whole  weight  of  tho 
body  resting  on  the  astragalus,  accounts  for  the  possibility  of 
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transverse  fractures  of  (he  calcis,  and  for  the  rupture  of  the  tendo 
Achillis,  notwithstanding  its  great  thickness;  and  should  lead  one 
not  to  allow  patients,  after  such  accidents,  to  walk,  freely,  for  se- 
veral months;  the  substance  which  unites  the  parts  being  liable  to 
rupture,  as  is  known  to  have  been  the  case,  in  several  instances. 
This  same  arrangement  of  parts  likewise  accounts  for  an  accident, 
which  physiologists  have  long  endeavoured  to  explain  by  a  very 
unsatisfactory  theory. 

It  not  uufrequently  happens,  that  the  mere  effort  of  walking 
occasions  a  rupture  of  some  of  tin;  fibres  of  the  gemelli  and  of  the 
soleus, in' consequence  of  which,  there  comes  on  pain,  attended  with 
induration  of  themnscles,  and  with  a  certain  decree  of  ecchymosis, 
occasioned  by  the  extravasation  of  blood.  Pathologists  suppose 
these  symptoms  to  depend  on  a  rupture  of  the  plantaris  muscle: 
this  rupture,  however,  is  hypothetical,  has  never  bee  n  proved  by 
experience  to  exist,  and  its  supposed  symptoms  are  altogether  idle 
and  fallacious. 

I  could,  if  it  were  not  out  of  place,  bring  forward  several  cases 
cf  this  affection  ;  in  all  the  cases  which  have  come  under  my  own 
observation,  the  use  of  the  bath,  of  emollient  and  slightly  narcotic 
poultices,  but  above  all,  continued  rest,  while  the  symptoms  lasted, 
have  appeared  to  me  the  most  appropriate  remedies. 

CLXXXV1I.  Of  tunning.  In  running,  the  foot  that  is  hind- 
most being  raised  before  that  which  is  foremost  be  firmly  applied 
to  the  ground,  the  centre  of  gravity  is.  for  a  moment,  suspended, 
and  moves  in  the  air,  impelled  by  the  force  of  projection,  the 
action  of  which  principally  constitutes  leaping. 

The  mechanism  of  running  is  a  compound  of  that  of  walking 
and  leaping,  but  resembling  most  the  latter;  hence  tpmc  authors 
have  defined  it  to  consist  of  a  succession  of  low  leap*.  The  steps 
are  not  longer  than  in  walking,  but  merely  succeed  each  other 
■with  greater  velocity.  The  centre  of  gravity  is  transferred,  with 
more  rapidity,  from  one  leg  to  the  other,  and  falls  are  much  more 
apt  to  take  place.  The  quick  repetition  of  the  same  motions,  in 
running,  requires  a  very  lively  contractility  in  the  muscles  which 
move  the  extremities,  and  as  the  energy  of  this  vital  property  is 
proportioned  to  the  extent  of  respiration,  to  the  quantity  of  air 
which  the  blood  acquires  in  passing  through  the  lungs  ;  in  running 
we  pant  and  breathe  frequently,  and  at  short  intervals,  without  any 
particular  enlargement  of  the  chest,  at  each  act  of  respiration.  It 
was  necessary  that  the  parictcs  of  this  cavity  should,  in  running, 
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be  remarkably  fixed;  for,  it  becomes  the  point  on  which  those* 
muscles  are  inserted  which  steady  the  polvis  and  loins,  and  prevent 
their  yielding  an  unsteady  basis  to  the  lower  extremities.  The 
best  runners  are  those  who  have  the  strongest  lungs,  that  is,  who 
can  give  to  the  chest  the  greatest  degree  of  permanent  dilatation. 
In  contending  for  the  prize  in  running,  you  may  9ee  them  throw 
back  their  head  and  shoulders,  not  only  to  obviate  the  propensity 
which  there  is  in  the  line  of  the  centre  of  gravity  to  fall  towards  the 
anterior  plane,  but,  likewise,  that  the  cervical  column,  the  sca- 
pula;, the  clavicles,  and  the  humerus  being  fixed,  may  furnish  a 
firm  attachment  to  the  auxiliary  muscles  of  respiration-. 

We  should  run  with  much  less  speed,  if  we  applied  to  the  ground 
the  whole  sole  of  the  foot;  partly  from  the  time  which  would- 
be  takes  up  in  thus  applying  the  foot  to  the  ground,  aud  partly  by 
the  friction  which  would  necessarily  take  place.  Hence,  in  run- 
ning,wegenerally  touch  the  ground,  only  with  the  end  of  the  foot. 
We  run  with  most  speed,  when  the  foot  is  in  a  state  of  extension, 
the  leg  being  moved  rapidly  by  the  extensors  of  the  knee.  This 
accounts  for  the  tendency  which  there  is  to  fall  while  we  run,  the 
centre  of  gravity  obeying  impulses  which  follow  each  other  in 
rapid  succession,  and  never  resting  but  on  a  basis  of  very  limited 
extent.  Another  reason  why  the  slightest  unevenness  of  the 
ground  is  apt  to  occasion  falls  in  running;is,  that  the  rapidjjmotioa 
communicated  to  the  body  by  the  sudden  and  perpetually  recur- 
ring extensions  of  the  posterior  extremity,  increases,  at  every  step, 
so  that  it  is  impossible  to  stop  suddenly,  and  without  having  pre- 
viously slackened  one's  pace,  and  moderated  the  impulse  to  which 
the  body  is  subjected. 

As  it  is  mostly  forward  that  falls  are  apt  to  take  place,  in  run- 
ning we  always  throw  back  the  head,  and  make  use  of  our  arms  to 
balance  the  body,  so  that  they  may  be  in  constant  opposition  to 
the  legs,  that  is,  that  ihe  right  lower  extremity,  for  example,  being 
carried  forward,  the  left  arm  may  be  balanced  backward. 

Few  animals  are  better  formed  than  man  to  rnn  with  speed,  his 
lower  limbs  are  in  length  equal  to  one  half  of  the  whole  length  of 
the  body,  and  the  muscles  which  move  them  are  very  powerful; 
hence,  savages,  who  are  in  the  constant  habit  of  running,  over- 
take the  animals  which  they  make  their  prey  ;  and,  even  in  Europe, 
there  are  professed  runners  w  ho  equal  in  swiftness  the  fleetest 
lx>rs**.  This  animal,  like  every  other  swift  quadruped,  would  move 
u.uch  more  slowly  than  man,  on  account  of  the  number  of  the 


438 


limbs  on  -winch  he  rests,  if  he  had  not  the  power  of  moving  them 
in  pairs,  and  thus  reducing  his  legs  to  two,  as  in  what  is  called 
full  gallop. 

CLXXXVIU.  Of  leaping.  Leaping,  in  man,  is  performed, 
principally  by  the  sudden  extension  of  the  lower  limbs,  whose  arti- 
culations were  in  a  previous  slate  of  llexion.  The  alternate  angles 
of  the  foot,  of  the  knee  and  hip,  disappear,  and  the  extensors  con- 
tract in  almost  a  convulsive  manner.  This  straightening  is  not 
limited  to  the  lower  limbs,  in  violent  leaping  ;  it,  likewise,  affects 
the  vertebral  column,  which  acts  as  a  bow  in  unbending.  Profes- 
sor Barthez,  who  has  the  merit  of  having  suggested  this  explanation, 
which  liorelli  and  Mayow  had  very  imperfectly  understood,  per- 
haps goes  too  far,  in  considering  as  imaginary,  a  power  of  repul- 
sion in  the  grouud.  This  reaction,  admitted  by  Hamberger  and 
by  Ilaller,  clearly  operates,  when  we  leap  on  an  elastic  lloor,  it 
enables  tumblers  to  rise,  without  much  effort,  on  the  rope  which 
bears  them.  But  though  all  physiologists  do  not  admit  that,  in 
leaping,  there  is  a  re-action  from  the  ground  ;  it  is  universally  ad- 
mitted, that  there  must  be  a  certain  resistance,  from  the  ground  on 
•which  we  tread,  in  fact,  a  moving  sand,  yielding  to  the  pressure 
of  the  body,  would,by  giving  way  to  a  considerable  degree,  render 
it  impossible  to  leap.  The  instantaneous  contraction  of  the  exten. 
sor  muscles  is  so  powerful,  in  extending  the  lower  extremities, 
and  in  communicating  to  the  body  a  power  of  projection,  so  as  to 
raise  it,  that  frequently,  during  this  effort,  the  tendons  of  these 
muscles,  or  even  the  bones  into  which  they  are  inserted,  break 
across.  It  is  on  this  account,  that  dancers  are  very  apt  to  frac- 
ture their  patella.  This  accident  happens,  at  the  moment  when 
their  body,  in  rising  from  the  ground,  is  powerfully  elevated  to  a 
certain  height. 

If  leaping  consists  merely  in  the  sudden  straightening  of  the 
lower  extremities,  whose  articulations  are  bent  in  alternate  direc- 
tions, it  must  be  more  considerable,  according  as  these  are  longer, 
more  bent  on  one  another,  and  as  the  muscles  which  straighten 
them  contract  more  powerfully.  Hence,  animals  that  move  by 
leaps,  as  the  hare,  the  squirrel,  and  the  jerboa,  have  posterior  ex- 
tremities of  considerable  length,  in  proportion  to  their  fore  legs. 
Their  different  parts  are,  besides,  capable  of  considerable  llexion. 
All  these  animals,  strictly  speaking,  are  incapable  of  walking  or 
running,  and  they  move  by  leaps  or  bounds  succeeding  each  other 
with  different  degrees  of  rapidity.  Some,  however,  as  the  rabuitand 
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the  hare,  arc  capable  of  running,  when  climbing  up  a  steep  place, 
as  the  slope,  in  this  case,  lessens  the  effect  of  the  impulse  communi- 
cated by  the  extension  of  the  posterior  limbs;  an  impulse  which, 
from  the  strength  anil  length  of  these  extremities,  throws  the  whole 
weight  of  the  body  on  the  fore  legs,  which  are  weaker  and  shorter, 
with  such  a  degree  of  force,  that  the  animal  is  obliged  to  stiffen 
these  and  to  keep  them  straightened,  and  in  a  state  of  extension, 
to  avoid  striking  the  ground  with  his  head,  while  leaping  on  an 
horizontal  plane.  Frogs,  but  especially  grasshoppers  and  lleas, 
between  whose  hind  extremities  and  the  rest  of  the  body,  there  is 
the  greatest  disproportion,  astonish  us  by  the  very  considerable 
space  which  they  can  clear  at  a  leap;  but  the  wonder  ceases, 
when  wc  consider  that  powers  communicate  to  the  masses  equal 
degrees  of  velocity,  when  proportionate  to  one  another;  now,  the 
space  gone  over,  depending  entirely  on  the  velocity,  since  the 
body  that  leaps,  loses,  by  a  gradation  which  nothing  can  lessen, 
that  which  it  had  acquired  ;  these  motions  must  be,  nearly  alike, 
in  small  and  in  large  animals. 

Swainmerdam  says,  that  the  height  to  which  grasshoppers  rise,  in 
leaping,  is  to  the  length  of  their  body  as  200  to  1.  A  ilea  leapt 
-till  farther  and  more  swiftly*. 

The  larva,  called  the  cheese  maggot,  forms  itself  into  a  circle,  by 
contracting,  as  much  as  possible,  its  abdominal  muscular  fibres; 
after  having,  in  this  manner,  brought  near  to  each  other  its  head 
and  tail,  it  suddenly  extends  and  straightens  itself,  and  sends  itself 
no  a  considerable  distance.  It  is  by  a  similar  mechanism,  that  the 
salmon,  the  trout,  and  other  fishes,  swim  against  rapid  currents 
interrupted  by  water-falls.  They  bend  their  body,  to  a  consider- 
able degree,  straighten  it  powerfully,  and  thus  overcome  the  ob- 
stacle which  opposes  their  progress.  I  believe,  however,  that  in 
this  particular  case,  the  leap  is  not  effected  solely  by  the  straight- 
ening of  the  elastic  curve,  as  is  maintained  by  some  authors,  but 
that  it  is  likewise  occasioned  by  the  resistance  against  the  water, 
of  the  tail  of  the  fish,  which  strikes  it  powerfully,  at  the  moment 

■  Harthc.7.  states,  in  his  work  on  mechanics,  (hat  thn  Arabs  call  this  little  in- 
sect the  father  of  leaping  ;  and  iliat  Uobcrval,  a  natural  philosopher  of  conside- 
rable merit, had  written  a  work  entitled  rfc  tallu  pftlici*.  Such  a  subject,  thought 
by  the  ignorant  to  supply  matter  only  for  idle  and  lVuitlr-s  Speculation,  may 
furnish  results  highly  interesting,  vtben  treated  by  at)  able  man.  in  tvnui 
labor. 
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ef  raising  itself;  in  (lie  same  manner,  as  in  the  northern  seas,  the 
mormons  whale  strikes,  with  so  sudden  and  violent  a  blow  of  her 
tail  against  the  water,  as  to  receive  from  it  a  fixed  point,  and  rise 
to  the  hight  of  fifteen  or  twenty  feet,  as  we  are  informed  by  navi- 
gators.—Lobstors  leap,  by  violently  extending  their  tail,  an  elastic 
and  contractile  arch,  which  they  had  previously  kept  bent  under 
their  body. 

This  theory  of  leaping  would  seem  to  be  contradicted  by  what 
is  related  by  Professor  Dumas,  of  a  man  without  thighs,  and  who, 
nevertheless,  performed  surprising  feats  of  dexterity  and  agility, 
lint  in  this  instance,  might  not  the  pelvis,  the  vertebral  column, 
and  especially  the  lumbar  portion  of  the  latter,  make  up,  by  a 
greater  mobility,  for  the  wantof  the  longest  of  the  three  levers 
formed  by  the  lower  extremity. 

In  the  act  of  leaping,  the  body,  which  has  received  the  impulse, 
may  rise  in  one  of  two  ways,  perpendicularly  to  the  horizon,  which 
constitutes  the  vertical  leap,  or  in  a  direction  more  or  less  ob- 
lique. The  vertical  leap  is  always  of  less  extent  than  that  which 
takes  place  in  an  inclined  direction,  and  the  latter  is  always  great- 
er, when  it  Jhas  been  preceded  by  running.  In  running  before 
li  apingj  we  have  already  acquired  an  impulse  which  is  added  to. 
that  which  the  mechanism  of  leaping  may  produce. 

Tq  convince  ourselves  of  the  reality  of  this  additional  power, 
lat  us  recollect  how  difficult  it  is  to  stop  suddenly, in  the  midst  of  a 
race,  if  we  have  not  previously  slacked  our  pace.  This  impulse  is 
one  of  the  causes  which  make  runners  fall  forward,  when  the 
slightest  obstacle  meets  their  feet ;  but  whatever  may  be  the  force, 
the  direction  of  leaping,  and  the  powers  which  produce  it,  the  body 
by  which  it  is  executed  must  be  considered  as  a  real  projectile  that 
is  impelled,  by  a  motion  counteracted  by  the  force  of  gravitation. 
Whatever  motions  we  may  perform,  every  thing  depends  on  the 
first  impulse;  as  soon  as  the  feet  cease  to  be  in  contact  with  the 
plane  which  supports  them,  it  is  no  longer  in  our  power,  to  aug- 
ment the  force  of  the  leap  or  its  swiftness.  In  dancing,  it  is  im- 
possible to  excel  in  cutting  capers,  unless  one  is  capable  of 
rising  to  a  certain  height ;  1  have  uniformly  observed,  that  in  the 
most  celebrated  public  dancers,  the  trunk,  and  especially  the 
lower  limbs,  are  very  muscular,  the  calf  of  the  leg,  the  buttocks, 
and  the  back  indicate,  by  their  bulk,  a  remarkable  degree  of 
energy  in  the  extensors,  by  whose  action,  leaping  is  chiclly  ef- 
fected. 
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A  daucer  who  rises  vertically,  falls  back  to  the  ground,  when 
the  force  of  gravitation  exceeds  the  impulse  which  he  had  received  > 
his  fall  resembles  that  of  a  projectile  in  vertical  motion  ;  it  takes 
place,  according  to  a  descending  line  that  is  perfectly  similar,  in 
«  directiuu  ami  height,  to  the  ascending  line. 

The  same  thing  takes  place  in  the  oblique  leap,  except  however, 
that  the  body,  like  ashell  projected  by  the  explosion  of  gunpowder, 
describes  a  parabolic  curve,  ascending,  as  long  the  impelling  power 
exceeds  the  force  of  gravitation  ;  descending,  when  the  latter, 
w  hich  increases  during  the  progress  of  the  leap,  is  equal  to  the 
force  of  impulse.  This  takes  place,  when  the  body  has  described 
a  curve  which  represents  the  half  of  a  parabola;  from  that  mo- 
ment, tbe  force  of  gravitation  goes  on  increasing,and  the  body  de- 
scends in  a  curve  corresponding  to  the  first*.  . 

CLXXXIX.   Of  swimming.   Few  animals  have  more  difficulty 
than  man,  in  supporting  themselves  on  the  surface  of  a  fluid;  yet 
the  weight  of  the  human  body  exceeds  but  little  that  of  the  same 
bulk  of  water;  sometimes  even,  when  the  body  is  loaded  with  much 
fat,  its  specific  gravity  and  that  of  water  are  the  same.    Hence,  it 
is  observed,  that  corpulent  men  switn  with  less  effort;  but  the 
weight  is  not  equally  distributed  over  every  point  of  the  support- 
ing fluid.    The  head,  whose  relative  weight  is  very  considerable, 
is  the  principal  difficulty  in  swimming,  and  it  requires  some  effort 
to  keep  it  raised,  so  as  to  allow  the  air  to  enter  freely  into  the 
luug3,  through  the  mouth  and  nostrils.    The  upper  and  lower 
limbs  act  alternately  against  the  water  which  they  displace  by 
pressing  on  it.    In  these  various  motions,  there  is  a  successive 
llexion,  extension,  abduction,  and  adduction  of  the  limbs;  most  of 
the  muscles  of  the  body  are  in  motion,  and  have  their  fixed  point 
of  action  in  the  chest,  w  hich  swimmers  keep  expanded  by  retain- 
ingj  by  a  constriction  of  the  glottis,  a  considerable  quantity  of 
iir  within  the  pulmonary  tissue.    This  continuous  dilatation  of 
the  chest  is  attended  with  this  further  advautage,  that  it  renders 
the  body  specifically  lighter.  The  force  with  which  the  swimmer  is 
obliged  to  strike  the  water,  the  rapidity  with  which  the  moiions 
most  succeed  each  other,  that  the  fluid  may  yield  him  a  sufficiently 
fixed  point  of  action,  accounts  for  the  fatigue  with  which  this  exer- 
tion is  attended. 


*  In  lallu  ad  hori-onlem  obliquo,  molns  fit  per  lineam  parabolicum  proxime 
Uorelli.  op.  cit.  prop.  173— Vide  Uilileo  ou  the  motion  of  projectiles. 
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Fishes  are  adapted,  by  their  structure,  to  the  element  in  which 
they  hve-the  form  of  their  body  bounded,  every  where,  by  salient 
angles,  i«  well  calculated  t„  separate  the  columns  of  a  fluid.  A 
bladder  filled  with  azote,  which  is  expelled  at  pleasure,  renders 
their  specific  gravity  less  than  that  of  water,  according  to  the 
quantity  of  gas  it  contains;  lastly,  their  tail,  moved  by  powerful 
mrrscb -s.  may  be  considered  as  an  oar  of  great  strength,  the  mo- 
tions of  which  impel  the  fish  forward,  while  the  fins,  like  so  many 
secondary  oars,  facilitate  and  direct  his  motions. 

The  air  bladder  of  fishes  gives  (o  their  backa  sufficient  degree  of 
lightness  to  enable  it  to  remain  upward,  else  this  part  of  the  body, 
which  is  the  heaviest,  would  draw  after  it  the  rest,  and  the  animal, 
lying  on  his  back,  would  be  incapable  of  performing  any  motions 
of  progression  ;  this  happens  when  this  bladder  is  burst  or  punc- 
tured. Constrictor  muscles  expel  the  gas  which  it  contains,  and 
force  it  into  the  stomach,  or  oesophagus,  when  the  animal  wishes 
to  sink.  This  expulsion  becomes  impracticable,  if  the  gas  under- 
goes considerable  expansion,  from  the  application  of  heat,  and  re- 
sists the  compression  that  is  applied  to  it.  Hetoee,  during  the  frv- 
time,  fishes,  after  remaining  long,  on  the  surface  of  the  water, 
exposed  to  the  heat  of  the  sun,  become  unable  to  siuk,  and  are 
easily  caught. 

As  the  fish  is  entirely  surrounded  by  a  medium  which  presents, 
on  every  side,  an  equal  resistance,  the  velocity  which  he  might  have 
acquired,  by  striking  the  fluid  behind,  with  his  tail,  would  be  lost, 
from  the  resistance  of  the  water  which  he  would  have  to  displace 
forward,  if,  immediately  after  striking  with  his  tail,  he  did  not 
bring  it  back  into  a  straight  line,  so  as  to  present  to  the  fluid,  only 
the  inconsiderable  breadth  of  his  body;  the  velocity  with  which 
lie 'moves  is,  besides,  very  inferior  to  that  with  which  he  uses  his 
tail.    This  part  being  brought  into  a  straight  line,  the  fish  contracts 
it  to  its  smallest  dimensions,  at  the  same  time  that  he  brings  it 
to  the  other  side  ;  he  then  expands  it  and  strikes  the  fluid,  in  a  cor- 
trary  direction,  in  a  line  between  the  two  oblique  impulses  which 
both  strokes  have  given  to  it.    The  fish  turns  horizontally,  and 
directs  himself  towards  the  side  he  chooses,  by  striking  more 
powerfully,  or  with  greater  quickness,  on  one  side  than  on  the 
other,  or  by  striking  only  on  one  side. 

Fishes  without  an  air  bladder,  are  reduced  to  live  at  the  bottom 
of  the  water,  unless  they  have  a  flat  body  and  are  furnished  with 
horizontal  fins,  so  as  to  enable  them  to  strike  a  considerable  surface 
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of  water,  ill  a  powerful  manner,  as  is  (he  case  with  rays,  whose 
wide  tins  are  not  inaptly  termed  wing*,  the  motion  of  these  fishes, 
in  the  water,  precisely  resembling  that  of  birds  in  the  air,  with  no 
other  difference  but  that  of  the  different  density  of  the  medium  in 
which  they  move,  as  wilJ  be  shewn  in  treating  of  the  motions  of 
progression  peculiar  to  this  class  of  animals. 

IXC.  Of  Jibing.  A  bird,  in  rising,  or  in  moving  in  the  air, 
has  to  use  much  more  force  and  with  much  greater  velocity,  than 
a  fish  in  swimming.  lie  has  not  the  power,  like  the  latter,  of  pla- 
cing himself  in  equilibrio  with  the  lluid  in  which  he  moves,  by 
means  of  an  internal  organ  that  renders  his  specific  gravity  equal 
to  that  of  the  medium  he  is  in.  This  medium,  besides,  presents 
less  resistance  to  the  powers  which  strike  it  to  obtain  a  point  of 
support. 

Though  birds  are  incapable  of  becoming  as  light  as  the  air,  it  is, 
however,  in  their  power  to  obtain  a  specific  gravity,  not  much  ex- 
ceeding that  of  the  atmosphere.    Nature  has  rendered  them  very 
light,  by  providing  them  with  very  capacious  lungs,  capable  of 
great  dilatation,  from  the  remarkable  mobility  of  the  parietes  of 
the  chest,  and  by  extending  the  lungs  into  the  abdomen,  by  means 
of  membranous  sacs,  and  into  the  skeleton,  by  means  of  canals 
which  establish  a  communication  of  these  abdominal  and  osseous 
atrial  tubes  with  the  pulmonary  organ;  so  that  the  whole  body, 
dUtendf-d  by  air  rarefied  by  a  considerable  degree  of  heat,  since  it 
is  ten  degrees  above  that  of  uther  warm-blooded  animals,  clothed 
in  feathers  almost  as  light  as  the  air  itself,  requires  but  a  moderate 
degree  of  force  to  support  itself  in  that  medium.    On  the  other 
hand,  when  the  wings  are  expanded,  they  present  to  the  lluid  a 
very  extensive  surface;  the  pectoral  muscles  which  set  them  in 
motion,  are  besides,  sufficiently  strong  to  strike  the  air  with  a 
power,  and  to  repeat  the  stroke  with  a  rapidity  and  continuousness 
of  which  no  other  animal  would  be  capable.     We  know  how  pow» 
erful*  the  muscles  of  the  wings  are,  even  in  the  tame  fowl,  which 

*  Birris  have  three  pectoral  mu=cles;  (lie  great  pastoral  which  is  attached  to 
their  enormous  sternum,  and  alone  exceeds  in  weight  all  the  other  musclei 
of  the  bird  together;  the  midaU  pectoral,  whose  tendon  turns  over  a  kind  of 
pulley,  and  is  attached  to  the  head  of  the  humerus  which  it  rai3es;  by  means  of 
this  merhanijm.  Nature  has  placed  an  elevator  muscle  at  the  lower  part  of  the 
body,  30  as  to  increase  the  weight  of  this  part  of  the  bird,  w  hich,  without  (hi? 
kind  of  ballast  might  have  been  up^et  in  the  air.  The  third,  or  lesser  pectoral, 
is  d'stir.ed  to  draw  the  humerus  tojvardi  the  body. 
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make  so  very  little  use  of  them.  Lastly,  the  contractility  ofthc.se 
very  powerful  muscles,  is  greater  in  birds  than  in  any  other  animal, 
no  one  possesses  so  much  strength  in  so  small  a  compass.  "What 
quadruped  of  the  same  weight  as  an  eagle,  could  ftrike  with  his 
foot  so  violent  a  Mow  as  that  bird,  when  re  stun  his  prey  or  to  de- 
fend himself,  he  gives  repeated  blows  with  his  pinion?  This  mus- 
cular energy  is,  no  doubt,  connected  with  the  extensive  respira- 
tory organs,  with  the  highly  stimulating  qualities  of  a  blood  that  is 
warmer,  more  oxidized,  more  concrcscible,  in  a  word,  more  arte- 
rialized,  than  that  of  any  other  animal. 

Let  us  now  inquire  how  birds,  endowed  with  an  organization  so 
favourable  to  flying,  perform  that  action.    A  bird  begins  by  as- 
cending into  the  air,  either  by  rising  at  once  from  the  ground,  or 
by  allowing  himself  to  fall  from  a  height.    If,  on  the  ground,  and 
if  his  wings  are  too  large  to  be  fre  ely  spread  he  has  a  difficulty 
in  rising ;  in  that  case  he  goes  to  an  elevated  spot  and  throws  him- 
self from  it,  that  he  may  have  sufficient  room  to  extend  his  wings 
and  strike,  in  the  air,  the  first  stroke  that  is  to  raise  him.  The 
wings  expand  horizontally,  the  humerus  which  forms  their  princi- 
pal part,  standing  oif  from  the  body ;  they  then  descend  rapidly, 
and,  as  the  air  resists  the  sudden  effort  which  tends  to  depress  it, 
the  body  of  the  bird  is  elevated  by  a  kind  of  elastic  re-action,  cor- 
resM  aiding  to  the  leap  of  man  and  to  the  swimming  of  fishes ;  the 
impulse  being  given,  the  bird  closes  his  wings,  contracts  his  dimen- 
sions, as  much  as  possible,  that  the  impulse  may  be  almost  entirely 
employed  in  raising  his  body,  and  may  not  be  counteracted  by  the 
resistance  of  the  air.    This  resistance  of  the  air,  but  particularly 
the  weight  of  the  bird,  would  soon  overcome  the  velocity  that  has 
been  obtained,  and  he  would  drop,  if,  by  again  striking  the  air,  he 
did  not  again  rise.    Jf  the  bird  strikes  a  second  time  with  his 
wings,  before  the  impulse  communicated  by  the  first  stroke  is  over, 
he  rises  rapidly,  but,  on  the  contrary,  descends,  if  this  motion  is 
delayed.    If  he  allow  himself  to  fall  only  to  the  height  whence  he 
began  to  rise,  he  may,  by  a  continuance  of  equal  vibrations,  keep 
at  the  same  height.    A  bird,  sometimes,  ceases  altogether  to  move 
his  w  ings,  closes  them  against  his  sides  and  falls,  with  a  precipitate 
motion,  like  any  other  weighty  body.    The  name  of  pouncing  is 
given  to  the  rapid  descent  of  predaceous  birds  on  their  prey.  Ob- 
serve a  falcon  drop  suddenly  on  a  poultry  yard  ;  if  on  the  point  of 
reaching  the  ground,  he  perceive  danger,  he  immediately  spreads 
his  wings,  and  thus  saves  himself  from  falling;  for,  whatever  velo- 
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city  he  may  have  acquired  in  this  rapid  motion,  the  resistance  of 
the  air  always  increases,  as  the  squares  of  the  velocity;  he  then 
rises  auew  aud  takes  to  flight.  This  peculiar  act  is  called  re. 
sourc£. 

The  oblique  motions  differ  from  the  vertical  motion  which  has 
just  been  described,  in  this,  that  the  bird  rises  by  a  series  of  curves 
which  are  more  or  less  extended,  as  the  motion  is  more  horizontal 
or  vertical.  In  consequence  of  the  peculiar  strength  of  .  their 
wings,  birds  of  prey  have  a  very  powerful  horizontal  motion,  so 
that  in  soaring,  the  curves  which  they  describe  are  so  slight,  that 
the  motion  seems  quite  horizontal. 

Swimminj,  to  many  birds,  is  a  more  natural  mode  of  prpgres- 
sion,  than  flying ;  these  birds  are  very  light,  their  body  is  covered 
with  a  light  down,  and  with  feathers  over  which  the  water  glides 
very  readily;  their  body  is  flattened  and  rests  on  the  fluid,  by  a 
broad  surface.  Their  pelvis  is  shaped  like  the  keel  of  a  ship; 
lastly,  their  toes  united  by  webs,  strike  the  water  with  a  very 
broad  surface.  This  is  the  case  vtith  the  numerous  tribes  of  web- 
footed  or  water.fowl. 

They  who  have  conceived  it  to  be  possible  for  man  to  support 
himself  in  the  air,  by  rendering  his  body  specifically  lighter,  have 
not  considered,  that  it  was  imposible  to  give  to  the  muscles  which 
move  the  arms,  a  sufficient  degree  of  strength,  to  enable  them  (o 
jnove  the  machines  which  are  adapted  to  them  ;  and  all  who  have 
ventured  to  try  such  machines,  have  suffered  for  their  rash- 
ness. 

CXCI.  Of  crawling.  All  the  motions  of  progression,  of 
which  man  and  animals  are  capable,  maybe  referred  to  the  theory 
of  the  leve  r  of  the  third  kind.  The  body,  in  leaping,  as  in  walk- 
ing, may  be  compared  to  an  elastic  curve,  since  the  point  of 
lupport,  or  fulcrum,  is  in  the  ground  ;  the  force,  the  spring  or 
power,  in  the  extensor  muscles,  and  the  resistance  in  the  weight  of 
the  body.  V»'hat  is  running,  but  a  succession  of  short  leaps,  and  is 
not  its  mechanism  intermediate  between  walking  and  leaping  ?  Are 
not  flying  and  swimming  real  leaps,  in  which  the  body>of  the  ani- 
mal alternately  bends  and  unbends,  having  its  support  on  media  of 
much  less  resistance  than  the  ground,  on  which  walking,  running, 
and  leaping  are,  generally, performed  ?  The  mode  of  progression  pe- 
culiar to  serpents  and  soft  reptiles,  furnishes  an  additional  applicati- 
on of  the  lever  of  the  theory  of  the  third  kind.  The  snake  v>  hich  mover, 
by  forming  with  its  body  horizontal  and  vertical  undulations,  forms, 
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in  the  course  of  its  length,  a  series  of  curves  and  straight  lines,  in 
succession,  from  the  head  towards  the  tail;  but  sometimes,  like- 
wise, from  the  tail  towards  the  head,  in  the  serpents  called 
a  mpkisb  venous,  in  w  hich  the  scales  covering  the  belly  are  equally 
favourable  to  a  retrogade  motion,  as  to  a  motion  forwuid. 

The  crawling  of  serpents  is  facilitated  by  the  length  of  their 
body,  by  the  smoothness  of  their  scales,  the  immense  power  of 
their  muscles,  and  the  flexibility  of  their  vertebral  column.  The 
bones  which  form  this  part  of  the  skeleton,  are  aHiculat(d  by  ar- 
throdia,  and  loosely  jointed,  so  (hat  a  very  slight  cause  destroys 
their  union;  hence,  a  blow  with  a  very  small  stick  is  capable  of 
killing  the  largest  serpents,  if  applied  on  the  back.  The  lateral 
inflexions,  of  this  column  are  very  considerable;  the  degree  of  ex- 
tension is  limited  by  the  spiuous  processes,  and  these  are,  some- 
times, of  considerable  size,  as  in  the  rattle  snake.  Hence,  notwith- 
standing what  has  been  stated  by  several  authors,  and  although 
painters  have  represented  serpents  moving  in  vertical  curves  ;  they 
move,  in  most  instances,  in  horizontal  curves. 

A  serpent,  to  swim,  is  obliged  to  bend  and  unbend  his  body,  in 
more  rapid  succession;  this  swimming  consists  merely  in  crawling 
"faster,  and  in  moving  on  a^ess  resisting  plane. 

The  motions  of  reptiles,  in  swimming,  surpass,  in  strength  and 
velocity,  those  of  reptiles  which  crawl  on  the  ground,  in  as  much 
as  the  latter  yields  a  more  fi\<  d  point  than  water.  If  the  serpent 
is  desirous  of  leaping,  he  suddenly,  and  at  once,  brings  to  a 
straight  liue  all  his  curves,  resting,  at  the  same  time,  on  the  extre- 
mity of  that  which  his  nearest  his  tail;  then,  as  L  have  several  times 
observed,  he  describes  the  smallest  possible  number  of  curves, 
bends  into  three  or  four  greater  arches  than  usual,  but  never  into 
a  single  one.  whatever  the  length  of  his  body  may  be. 

Tortoises,  frogs,  lizards, .  salamanders,  and  all  reptiles  that 
have  legs,  drag  themselves  along  on  their  belly,  being  ill  supported 
by  their  weak  limbs,  which  bear  no  proportion  to  the  bulk  of  their 
body,  and  can  scarcely  be  said  to  crawl  by  a  mechanism  similar 
to  (hat  wh?ch  has  just  been  explained. 

Caterpillars  and  maggots  crawl  much  in  the  same  manner  as 
serpents.  The  legs  of  the  caterpillar,  too  feeble  to  support  it, 
or,  of  themselves,  to  carry  the  body  forward,  are  used  by  these 
creatures,  to  oblain  a  hold  on  the  surface  on  which  they  move,  by 
bending,  in  arches,  mostly  vertical,  the  parts  situated  between  the 
legs,  that  arc  in  pairs, at  a  certaindistance  from  one  another.  The 
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caterpillars  that  have  a  scaly  covering,  crawl  better,  the  elasticity 
of  their  scales  assisting  the  contractile  action  of  their  muscular 
lib  res.  Earth  worms  move,  at  times,  in  undulations,  as  the  snake, 
and  at  others,  by  dragging  themselves  like  slugs.  This  last  variety 
of  crawling  is  performed  as  follows:  instead  of  forming  dis- 
tinct curves,  the  contractile  fibres  of  the  reptile,  shorten  them- 
selves, from  the  head,  which  is  fixed,  towards  the  tail  which  is 
moveable,  a ud  the  animal  performs  only  slight  inflexions.  We 
may  compare  the  mode  of  crawling  peculiar  to  some  animals,  to  the 
motion  by  which  a  man  lying  horizontally,  on  his  belly,  moves  for- 
ward, by  drawing  his  whole  body  towards  his  arms,  which  are  in 
a  state  of  extension,  and  with  which  he  has  a  hold  of  some  fixed 
object.  The  motion  of  the  snail  is  performed  almost  entirely  iu 
the  same  manner. 

The  snail,  loaded  with  his -shell,  adheres  to  the  surface  on  which 
hemoves,  bv  a  viscid  and  glutinous  fluid  which  coagulates  and  forms 
on  his  track,  a  shining  varnish.  This  creature  fixes  itself  likewise, 
on  the  ground,  by  forming  a  vacuum  with  the  part  of  its  body  on 
-which  it  crawls,  which  is  broad,  fringed  and  well  adapted  to  an. 
swer  the  purpose  of  a  cupping  glass.  It  is  by  this  double  resource 
of  a  viscid  and  glutinous  fluid,  and  of  a  contractile  exhauster,  that 
the  snail  fixes  the  fore  part  of  his  body,  and  then  draws  towards  this 
fixed  part,  the  rest  of  his  hody  loaded  with  the  shell.  This  part 
of  the  snail,  by  which  it  fastens  itself  to  the  ground  on  which  it 
crawls,  bears  some  analogy  to  the  teutacula  which  assist  the  pro- 
gression of  the  sepia  and  other  cephalopodous  molusca. 

CXC1I.  Partial  motions  performed  by  the  upper  extremities. 
These  motions  will  furnish  us  additional  illustrations  of  the  elastic 
curve,  or  of  the  third  lever,  to  the  theory  of  which,  may  be  refer- 
red almost  all  the  motions  of  man  and  of  ihe  lower  animals.  This 
irloa  simplifies  and  facilitates,  in  a  remarkable  manner,  the  study 
cf  animal  mechanics ;  it  may  be  considered  as  a  general  formula, 
by  the  help  of  which  we  may  obtain  a  solution  of  all  the  pro- 
blems of  thte  Interesting  part  of  physical -science.  Its  appli- 
cation particularly  distinguishes  what  has  just  been  stated  on 
motion,  from  what  had  been,  heretofore,  written  on  the  same 
irjbj  act. 

The  upper  extremities,  in  man,  are  not  employed  in  motions  of 
progression,  at  least,  not  generally,  except  in  a  few  instances, 
as, for  example,  when  the  limbs  being  extended  and  the  hands 
having  a  firm  hold  of  a  body,  the  action  of  the  great  pectorals 
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draws  the  whole  body,  lying  prone  ou  a  horizontal  surface,  or 
suspended. 

Wee  xperience  a  difficulty  in  climbing,  because  our  hands  alone 
enable  us  fo  grasp  the  body  on  which  this  mode  of  progression  is 
to  be  effected,  while  the  four  extremities  of  the  quadrumana  and 
the  sharp  claws  of  cats,  those  of  climbing  birds,  render  this  actiou 
easy  and  natural  to  all  these  animals. 

There  exists  so  great  a  disproportion,  in  point  of  length  and 
strength,  between  our  upper  and  lower  extremities,  that  walking 
on  all  fours  can  never  be  natural  to  the  human  species  ;  besides,  as 
Daubenton  observed,  the  situation  of  the  foramen  magnum  of  the 
occipital  bone,  in  man,  renders  this  attitude  exceedingly  uneasy. 
Its  situation,  near  the  centre  of  the  base  of  the  skull,  and  nearly 
horizontal,  prevents  the  head  from  being  raised  sufficiently  high  to 
enable  us  to  turn  our  face  forward  and  to  see  before  us,  and  if  we 
bring  the  head  downward,  it  strikes  the  ground  with  its  summit, 
01  with  the  forehead*.  But  our  upper  or  thoracic  limbs,  though  of 
no  use  in  conveying  us  whither  our  wants  require,  are  almost  ex- 
clusively destintd  to  perform  motions  by  which  we  act  on  the  ob. 
jects  towards  which  we  have  brought  ourselves. 

If  we  wish  to  push,  or  to  draw  towards  us,  or  to  propel  afar  a 
moveable  body,  to  compress,  to  elevate,  or  to  lower  it,  our  upper 
extremities  are  almost  exclusively  engaged  in  this  office. 

In  pushing,  man  places  himself  between  the  obstacle  and 
the  ground;  he  bends  his  body  between  these  two  points,  by 
bringing  all  his  limbs  into  a  state  of  flexion;  he  then  extends 
them  ;  his  whole  body  represents  a  spring  which  is  released 
and  recovers  itself,  and  the  two  extremities  of  which,  meeting 
two  obstacles,  the  ground,  and  the  body  to  which  the  impulse 
is  to  be  communicated,  exert  their  action  on  the  one  of  the  two 
■which  is  the  more  easily  moved.  The  force  is  equal  to  the  con- 
traction of  the  extensors,  which  elongate  the  body  previously  in  a 
-State  of  decurtation,  and  advance  the  moveable  obstacle  by  the 
whole  dillerence,  in  regard  to  length,  of  a  man,  whose  limbs  are 
in  a  state  of  llexion,  and  of  the  same  man  while  these  parts  are  in 
a  state  of  extension.  It  is,  in  the  same  manner,  and  by  a  similar 
mechanism,  that  by  pushing  against  the  shore,  with  an  oar,  we 
force  a  boat  from  it.    The  vertebral  column  represents  an  clastic 

♦  Dictionniare  tl'Histoirc  naturellc  dc  l'Encyclopiidie  mciliodiquc.  Intro- 
duction, page  21  etsuiv. 
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curve  which  straightens  itself,  between  the  feet  which  rest 
against  the  bottom  of  the  boat  and  the  end  of  the  pole  or  oar, 
pushed  against  the  s;iore,  or  the  bottom  of  the  water. 

If,  ou  the  contrary,  we  wish  to  draw  towards  us  a  body,  we 
seize  it  wiih  extended  arms,we  then  bend  them  forcibly  ;  thespring, 
which  is  iu  a  state  of  tension,  shortens  itself,  the  effort  is  wholly 
performed  by  the  tlexors  ;  it  is  less  fixed,  and  of  less  duration 
than  that  of  the  extensors,  because  the  axes  of  the  bones  do  not 
correspond  to  one  another,  in  a  straight  line,  and  because  the  .ac- 
tion is  generally  partial. 

A\  e  can  throw,  to  a  distance,  a  projectile,  the  arm  remaining 
pendulous  and  performing  a  mere  oscillatory  motion, or  by  a  whirl- 
ing motion  of  the  arm.  This  last  action  is  much  more  powerful, 
because  the  muscles  w  hich  go  from  (he  trunk  to  the  upper  extre. 
miry,  coucur  in  it.  In  the  former,  the  previous  oscillations  give 
to  the  arm  a  motion  which  is  peculiar  to  it,  which  is  added  to  the 
force  of  muscular  contraction,  and  which  augments  its  effects. 

Professor  Darthez  was  aware,  that  the  motion?,  by  which  the  up- 
per extremity  stiffens  itself,  and  assumes  a  state  of  extension  to 
project  a  moveable  body,  or  to  repel  a  resistance  that  is  opposed 
to  it,  perfectly  resemble  leaping,  and  are  attended, like  that  action, 
with  a  sudden  extension  of  the  joints  which  were  previously  bent. 
Iu  motions  applied  to  a  resistance  that  cannot  be  overcome,  the 
body  is  not  repelled  with  the  force  communicated  to  it  in  leaping, 
by  the  abrupt  extension  of  the  lower  extremities.    The  scapula 
is  too  moveable  on  the  trunk,  i!s  articulation  Wifh  the  humerus  is 
too  unsteady,  and  the  action  of  this  bone  is  not  directed,  with  re- 
gard to  the  shoulder,  in  a  sufficiently  favourable  manner,  to  ren- 
der the  impulse  equally  great,  even  though  the  powers  should  be 
equal,  and  they  arefar  from  being  so.    In  every  repulsion,  and  iu 
every  attraction,  whether  we  bring  towards  us  au  object  or  re- 
move it  from  us,  by  acting  upon  it,  with  our  superior  extremities, 
thesclimbs  represent  an  elastic  arch,which  is  curved  or  straightened 
by  the  action  of  its  flexors  or  extensors,  and  these  motions,  like 
the  greater  number  of  those  which  we  have  hitherto  considered, 
present  a  precise  application  of  the  levers  of  the  third  kind. 

The  action  of  seizing  a  body,  with  the  hand,  is  facilitated,  1st, 
by  the  action  of  the  radius  on  the  ulna,  which  performs  pronation 
and  supination,  motions  which  belong  exclusively  to  the  hands, 
and  of  which  the  feet  are  incapable  ;  2dly,  by  the  mobility  of  the 
Wrist,  which,  properly  speaking,  is  capable  of  flexion  and  exteu- 
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sion  in  two  directions  ;  for,  the  extension  of  the  hand  does  not  con- 
sist in  merely  bringing  it  into  a  parallel  line  will)  the  axis  of  the 
limb,  but  it  is,  besides,  capable  of  turning  it  round  towards  the 
back  part  of  the  fore  arm,  a  phenomenon  not  observable  in  any 
other  articulation ;  3dly,  by  the  obscure  motions,  on  one  another, 
of  the  bones  of  the  carpus,  by  which  the  palm  of  the  hand  becomes 
more  concave;  4thly,  by  the  motions  of  opposition  and  circum- 
duction of  the  thumb  and  little  finger;  5th!y,  by  the  great  number 
of  the  phalanges  ;  every  thing,  in  this  part  of  the  tipper  extremity, 
proves  the  excellence  of  its  structure,  and  justifies  all  that  philoso- 
phers and  naturalists  have  said  of  its  advantages, 

In  applying  pressure,  for  instance,  in  pressing  on  a  seal,  neatly 
the  whole  weight  of  the  body  bears  on  one  of  the  upper  extremi- 
ties, which  is  powerfully  extended,  the  shoulder  resting  on  the 
arm,  so  that  the  glenoid  cavity  of  the  scapula  may  be  perpendicu- 
lar to  the  head  of  the  humerus. 

It  would  be  a  superfluous  task  to  endeavour  to  describe  all  the 
motions  which  our  parts  may  execute  ;  these  partial  motions  are 
explained  in  anatomical  works,  in  treating  of  the  muscles  on 
whose  action  they  depend.  I  shall  content  myself  with  having  in- 
quired into  the  principal  phenomena  of  animal  mechanism,  chiefly 
with  a  reference  to  the  human  structure.  Fuller  details,  on  ani- 
mal mechanism,  would  be  out  of  place,  in  a  work  like  this.  They 
will  be  found  in  those  works  which  treat  professedly*  of  this  im- 
portant part  of  physiology,  the  only  one  in  which  it  is  possible  to 
obtain,  in  the  investigation  of  its  objects,  that  degree  of  mathema- 
tical certainty,  so  much  sought  after  by  every  man  of  precision  and 
of  sound  judgement. 

CXCIII.  Partial  motions  may  yet  further  he  studied  as  signs 
expressive  of  ideas.  They  compose  what  is  called  the  language 
of  action;  and  are  supplemental  to  speech.  The  language  of  ges- 
tures, in  its  perfection,  is  found  sufficient  even  to  express  the  most 
subtle  ideas,  and  the  finest  feelings,  in  the  mute  scenes,  known 
under  the  name  of  pantomimes.  The  gestures,  with  which  the 
man  of  most  phlegm  accompanies  his  discourse,  are  a  language 

*  Consult  J.  A.  Borelli,  de  motu  animalium,  4to.  The  errors  contained  in 
this  work  depend  on  the  circumstance  of  the  author's  being  more  of  a  maihema- 
tion  than  of  an  anatomist. 

P.  J.  Barthez,  nouvelle  Mcchaniquc  des  mouvemens  de  VHcnime  ct  des 
tinimaux. 
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superadded  to  that  which  he  speaks  :  (hey  contribute  to  the  exposi- 
tion of  the  thought: — but  what  force,  in  the  man  of  passion,  do  they 
not  add  to  his  expression  !  what  power  to  his  language  !  This  elo- 
quence of  gesture,  which  was  so  often  employed  to  move  and  sway 
the  assembled  multitude  in  the  public  place  of  Rome  and  Athens, 
was  habitual  to  the  orators  of  the  ancient  republics:  and  the 
moment,  when  Mark  Antony  uncovers  and  shews  to  the  Roman 
people  the  bloody  corse  of  the  first  of  the  Caesars,  is  not  the  least 
eloquent  passage  of  his  harangue. 

Thus,  although  the  organ  of  voice  is  that  which  offers  us  the 
greatest  abundance  of  resources  for  the  expression  of  our  ideas,  for 
communication  with  our  fellow  creatures, — though  the  hearing  be 
the  sense  towhichwe  must  address  ourselves  to  produce  in  them  dis- 
tinct, varied,  and  lasting  impressions,— we  do  yet  address  ourselves 
to  their  touch  and  their  sight,  when  we  would  strongly  move  them, 
by  an  energetic  declaration  of  our  desires.  These  three  different 
languages  are  employed  at  once,  when  we  lead  a  man  towards  an 
object,  and  at  the  same  time  point  it  out  to  him,  and  bid  him  go 
there:  touch  and  gesture  are  then  auxiliary  to  speech,  and  testify 
in  him  who  makes  use  of  them,  a  strong  and  resolute  will. 
The  motions  of  the  eyes,  the  eye-brows,  the  eye-lids,  the  lips, 
and,  generally,  of  all  parts  of  the  face,  those  of  the  upper 
limbs,  and  of  the  trunk  itself,  serve  to  express  our  passions, 
as  well  as  our  ideas,  are  supplemental  to  the  language  of 
convention,  and  often  betray  it,  by  saying  the  reverse  of  what 
it  expresses.  The  study  of  gestures,  of  motions,  and  of  attitudes, 
considered  as  signs  of  ideas  and  passions,  is  the  department  of 
metaphysicians,  of  painters,  of  sculptors,  and  physiognomists.* 

*  See  Condillac's  Essay  on  the  Origin  of  Human  Knowledge;  Button's  Na- 
tural History  of  Man  ;  Winkelmann's  Treatise  on  Art;  Lavater's  Essays  on 
Physiognomy;  ttith  the  important  additions  by  M.  Moreau  (de  la  Sarlhe,) 
in  tbe  edition  be  has  just  published 
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CHAPTER  IX, 

OF  VOICE  AND  SPEECH. 

CXCIV.  The  voice  is  an  appreciable  sound,  resulting  from 
the  vibrations  which  the  air,  expelled  from  the  lungs,  meets  wiih, 
in  passing  through  the  glotiis.  From  this  sound,  articulated  by 
the  motions  of  the  tongue,  the  lips,  and  other  parts  of  the  mouth, 
is  produced  speech,  which  may  be  defined  articulated  voice. 

All  animals  furnished  with  a  pulmonary  organ  have  a  voice  ;  for 
it  is  sufficient,  to  the  production  of  this  sound,  that  air,  collected 
in  any  receiver,  be  driven  out  in  a  body,  with  a  certain  force,  and 
that  it  meet,  on  its  passage,  with  elastic  and  vibratory  parts. 
Fish,  that  have  only  trachea?,  utter  no  sound:  but  this  defect  ' 
which  is  certainly  an  impediment  to  the  extent  and  facility  of  their 
relations,  is  in  part  made  up  by  the  extreme  velocity  of  their  pro- 
gressive motion. 

The  instrument  of  voice  is  the  larynx,  a  sort  of  cartilaginous 
box,  placed  at  the  upper  part  of  the  trachea.  The  thin  and  elas- 
tic cartilages  which  form  its  parietes.  are  united  by  membranes, 
and  moved  on  one  another  by  many  little  muscles,  called  laryngeal. 
Gf  these  five  cartilages,  three  only  are  concerned  in  the  produc. 
lion  of  voice,  these  aFC  the  arytenoid  and  the  thyroid.  The  epi- 
glottis is  of  no  other  use  than  to  close,  to  what  we  swallow,  the  en- 
trance of  the  windpipe,  whilst  the  cricoid,  situated  at  the  lower 
part  of  the  organ,  serve's  it  for  a  base,  on  which  the  arytenoid,  ami 
the  thyroid  execute  the  motions,  by  which  the  opening  of  the 
glottis  is  contracted  or  enlarged,  for  the  formation  of  acute  or 
grave  tones. 

This  slit,  from  ten  to  eleven  lines  long  in  an  adult,  and  from  two 
to  three  wide,  w  here  the  width  is  greatest,  is  the  most  essential 
part  of  the  larynx.  It  is  really  the  organ  of  voice,  which  is  gone 
at  once,  when,  by  opening  the  trachea,  or  the  larynx  below  it, 
the  air  is  prevented  from  passing  through  it.  Speech  only  is  lost, 
when  the  wound  is  above  the  place  of  the  glottis;  which  shews 
.that  voice  and  speech  are  two  distinct  phenomena,  one  taking 
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place  in  the  larynx,  and  the  other  resulting  from  the  action  of  di- 
ners parts  of  the  mouth,  and  especially  the  lips. 

Are  the  different  modifications  of  which  the  voice  is  susceptible, 
dependent  on  the  width  or  straightness  of  the  glottis,  or  on  the 
tension  or  relaxation  of  the  ligaments  forming  its  sides?  Must  we 
believe,  Vith  Dodart,  that  the  larynx  is  a  wind  iustument,  or,  with 
Ferrein,  that  it  is  a  stringed  instrument  ? 

It  is  very  true  that  the  voice  becomes  stronger,  fuller,  and 
passes  from  the  acute  to  the  grave,  as  the  glottis  enlarges  with  the 
progress  of  age  ; — that  it  remains  always  weaker  and  sharper  in 
a  woman,  whose  glottis  is  nearly  a  third  smaller  than  a  man's  j— 
but  the  tension  or  relaxation  of  the  ligaments,  which  form  the 
sides  of  the  glottis,  (the  vocal  strings  of  Ferrein)  may  they  not 
eiuible  these  ligaments  to  execute,  in  a  given  time,  vibrations  more 
or  less  prolonged,  and  more  or  less  rapid,  in  such  a  manner,  that 
if  the  air,  expelled  from  the  lungs  by  expiration,  strike  upon  them 
in  the  state  of  tension,  produced  by  the  action  of  the  crico-aryte- 
noidei  postici,  which  carry  back  the  arytenoid  cartilages  to  which 
the  ligaments  of  the  glottis  are  attached,  whilst  the  thyroid  carti- 
lage, to  which  are  attached  the  other  extremities  of  the  same  liga- 
ments, is  carried  forward  by  a  sort  of  tilting,  occasioned  by  the 
muscles  connecting  it  with  the  cricoid  cartilage,  (crico-thyroidei*) 
the  voice  will  be  shrill,  that  is  clear  and  piercing  •  whereas  it 
•would  be  grave,  if  the  arytenoid  cartilages  being  brought  forwards 
by  the  action  of  the  crico-arytenoidei  obliqui,  and  the  thyro-ary- 
tenoidei  muscles,  the  vocal  strings,  relaxed,  executed  less  frequent 
vibrations  ? 

It  has  been  objected  toFerrein,  that  to  perform  the  office  of 
vibrating  strings,  the  ligaments  of  the  glottis  are  neither  dry, 
nor  tense,  nor  insulated,  the  three-fold  condition  required  for  the 
production  of  sound,  in  the  instruments  to  which  this  anatomist 
Las  compared  the  larynx  :  but  for  all  the  incompleteness  of  their 
resemblance  to  strings,  the  ligaments  of  the  glottis,  similar  to 
the  vibratory  bodies,  serving  as  mouth-pieces  to  wind-instruments, 
such  as  the  reed  of  the  oboe,  the  mouth-hole  of  flutes,  the  lips  them- 
selves in  the  horn,  do  not  the  less  contribute  to  the  formation  and 
varied  inflexions  of  the  vocal  sound.    It  is  the  more  difficult  to  set 
aside  their  influence  altogether,  inasmuch  as  their  slate  of  tension 
coincides  always' with  the  contraction  of  the  glottis,  and  the  two 

*  Th?  arytenoid  muscle  h  used  in  the  formation  of  acute  sounds,  for  bringing 
together  the  two  arytenoid  cartilages. 
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conditions  producing  the  same  effect,  it  i<  difficult  to  determine  ff 
it  be  due  to  one  rather  than  the  other,  as  it  is  impossible  to  decide 
whether  it  be  to  the  enlargement  of  the  opening,  or  the  relaxation 
of  the  ligaments,  that  the  grave  tones  are  owing.  A  last  reason, 
which,  I  think,  should  make  the  larynx  be  considered  as  serving  at 
once  the  purposes  of  a  wind  and  a  stringed  instrument,  is,  (hat  the 
ligature  or  section  of  the  recurrent  nerves,  which  give  to  its  mus- 
cles their  contractility,  takes  away  the  voice:  so  that  there 
is  evidently  required  some  kind  of  action  in  the  sides  of  the 
Opening. 

When  we  wish  to  speak  low,  we  contract  but  slightly,  or  not  at 
all,  the  muscles  of  the  larynx,  whose  action  is  entirely  under  the 
direction  of  the  will.  The  column  of  air  meeting,  then,  in  its  pas- 
sage along  the  glottis,  only  relaxed  parts,  and  little  capable  of 
vibration,  the  vocal  sound  is  no  longer  produced.  The  permanent 
extinction  of  the  voice,  must  depend,  in  most  cases,  on  palsy  of 
the  vocal  or  laryngeal  muscles. 

It  appears  then,  that,  rejecting  the  opposite  and  exclusive  ex- 
planations of  Ferrein  and  Dodart,  we  are  to  cousider  the  larynx 
as  an  instrument  combining  the  advantages,  and  exhibiting  the 
double  mechanism  of  wind  and  stringed  instruments  ;  it  is  on  this 
account  that  it  surpasses  all  musical  instruments,  by  the  extent,  the 
perfection,  and  above  all,  by  the  inexhaustible  variety  of  its  effects. 
There  is  no  one,  that  has  heard,  at  a  concert,  a  solo  on  the  French 
horn  by  an  able  performer,  but  has  been  struck  with  the  resem- 
blance of  the  effects  of  this  instrument,  and  those  of  the  human 
voice.  It  is  because  the  vibrating  body  at  the  mouth-piece  of  the 
instrument,  is  alive :  it  is  because  the  lips,  like  the  sides  of  the 
glottis,  are  moveable,  the  opening  of  the  mouth  dilates  and  con- 
tracts, and,  at  the  same  time,  its  edges  are  relaxed  or  stiffened  by 
the  contraction  of  the  muscles  of  the  lips. 

The  modifications  of  the  voice,  depend,  not  only  on  the  varied 
sizes  of  the  opening  of  the  glottis,  and  of  the  tension  of  its  liga- 
ments, but  further  on  the  degree  of  length  of  the  trachea.  The 
singer  who  runs  down  the  whole  scale  of  sounds,  from  highest  to 
lowest,  visibly  shortens  the  neck  and  the  trachea,  whilst  iti  ascend- 
ing, he  stretches  them  out. 

The  force  of  the  voice*  depends  on  the  volume  of  air  that  may 

•  Sailors^  and  those'  that  live  on  the  banks  of  great  rivprs,  have  commonly 
Strong  voices  from  being  obliged  to  overpower,  with  the  voice,  the  noise  of 
th<!  waves,  which  has  constrained  them  to  a  great  habitual  exertion  of  its  organs. 
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be  expelled  from  the  lungs  at  once,  and  on  the  degree  of  aptness, 
in  the  patietes  of  the  canals  by  which  it  is  given  out.  Birds,  whose 
body  is  all  aerial,  have  a  voice  very  strong  for  their  bulk.  Their 
trachea,  furnished  with  a  double  larynx,  is  almost*  entirely  carti- 
laginous. It  is  especially  so  in  certain  screaming  birds,  as 
.the  jay,  and  some  others:  whilst  it  is  uearly  all  membranous 
in  the  hedge-hog,  a  small  quadruped,  whose  cries  are  almost  im- 
perceptible. 

The  hissing  of  serpents,  and  the  croaking  of  frogs,  are  heard  to 
some  distauce,  because  the  creatures  can  send  out  a  large  quantity 
of  air,  at  once,  from  their  vesicular  lungs,  and  in  the  last,  because 
the  vocal  strings' are  completely  insulated  from  the  coats  of  the 
larynx,  with  which  in  other  animals,  they  are  continuous. 

The  voice  of  men  is  strong  according  to  the  capacity  of  the  chest. 
It  is  always  weaker  after  meals,  when  the  stomach  and  intestines, 
distended  with  food,  push  up  the  diaphragm  and  resist  its  descent. 
The  voice,  formed  in  the  passage  of  the  air  along  the  glottis,  ac- 
quires much  force  and  intensity,  becomes  much  more  sonorous,  by 
the  reverberations  of  the  sound  in  the  mouth  aud  in  the  nasal 
cavities.  It  is  weakened  and  disagreeably  impaired,  when  a  poly- 
pus of  the  nasal  canals,  or  of  the  throat,  or  the  destruction  of  the 
roof  of  the  mouth,  prevents  the  air  from  passing  along  the  nasal 
canals,  and  their  various  sinuses.  The  voice  is  then  said  to  be 
nasal,  though,  in  truth,  it  suffers  from  want  of  the  modifications 
it  should  receive  in  the  cavities  belonging  to  the  nose. 

CXCV.  Of  speech.  To  zcHisper  is  to  articulate  very  weak 
-sounds,  which,  in  truth,  deserve  not  the  name  of  voice,  since  they 
scarcely  exceed  the  sound,  which  always  accompanies  the  passage 
of  air  in  expiration.  Man  only  can  articulate  sound,  and  enjoys 
the  gift  of  speech.  The  particular  disposition  of  the  mouth,  of 
the  tongue,  and  lips,  makes  all  pronunciation  impossible  to  quad- 
rupeds. The  monkey,  in  whom  these  parts  have  the  same  confor- 
mation as  in  man,  would  speak  like  him,  if  the  air  as  it  leaves  the 
larynx,  were  not  diffused  into  the  hyo-thyroid  cavities,  which  are 
membranous  in  some,  cartilaginous  and  even  bony  in  the  howling 
monkey,  whose  cry  is  so  hoarse  and  melancholy.  Every  time  that 
the  animal  would  utter  his  cry,  these  sacs  swell,  then  empty  them- 

*  S?e  the  Memoirs  of  IS.  Cuvier  on  the  double  larynx,  and  on  the  voice 
•fbirdi. 
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stives,  so  that  he  !s  not  able,  at  will,  to  supply  to  the  different 
parts  of  his  mouth  the  sounds  they  might  articulate.* 

Articulated  sounds  are  represented  by  letters  which  express 
their  whole  force.  One  cannot  reflect  on  it  all,  without  seeing 
what  an  advance  man  made  towards  the  perfection  of  his  na- 
ture, when  he  invented  these  signs  for  the  preservation  and  trans- 
mission of  his  thoughts.  The  vocal  sounds  are  expressed  by  the 
letters  called  vowels,  that  is  to  say,  which  the  voice  furnishes 
almost  completely  formed,  and  which  need,  for  their  articulation, 
nothing  more  than  the  more  or  less  opening  of  the  mouth,  by  the 
separation  of  the  jaws  and  of  the  lips.  We  pronounce,  without 
effort,  the  letters  A,  E,  I.  O,  U;  they  are  the  first  the  child  utters; 
they  appear,  besides,  to  cost  him  less  study  than  the  consonants. 
These,  which  form  the  most  numerous  class  of  the  letters  of 
the  alphabet,  serve  only,  as  their  name  indicates,  to  bind  toge- 
ther the  vowels.  Their  pronunciation  is  always  less  natural, 
and  consequently  more  difficult.  Accordingly,  it  is  observed,  that 
the  most  harmonious  languages,  the  most  grateful  to  the  ear,  are 
those  which  use  fewest  consonants  and  most  vowels.  It  is  in  this 
point  especially,  that  the  Greek  tongue  surpasses  all,  ancient  and 
moderut  ;  that,  of  dead  languages,  Latin  holds  the  second  place  J 
and,  lastly,  that  Russian,  Italian,  and  Spanish,  are  more  agreeable 
in  pronunciation,  than  French,  and  still  more  than  languages  of 
Teutonic  origin,  as  English,  German,  Dutch,  Swedish,  Danish, 
&c.  Among  some  Northern  nations,  all  articulated  sounds  appear 
to  issue  from  the  nose  or  the  throat,  and  make  a  disagreeable  pro- 
nunciation, no  doubt,  because  it  requires  greater  effort,  and  he 
who  listens  sympathizes  in  the  difficulty  which  seems  to  be  felt  by 
him  who  speaks.  Would  it  not  seem  that  the  inhabitants  of  cold 
countries  have  been  led  to  use  consonants  rather  than  vowels,  be- 
cause the  pronunciation,  not  requiring  the  same  opening  of  the 
mouth,  does  not  give  the  same  room  to  the  continual  admission  of 
cold  air  into  the  lungs.  The  gentle  pacific  nature  of  the  inhabi- 
tants of  Otaheite,  and  of  the  other  Fortunate  Isles  of  the  South 
Sea,  is  shewn  in  the  words  of  their  language,  in  which  are  abun. 

*  In  the  ass,  an  analogous  structure  is  observed. 

t    Gratis  dedit  ore  rotundo 

JIusa  loqui, — Uoiut. 
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dance  of  vowels,  whilst  the  hard  and  barbarous  speech  of 
the  Esquimaux,  of  the  people  of  Labrador,  and  New  Zealand, 
is  the  natural  consequence  of  the  rigour  of  their  climate,  the 
barrenness  of  their  soil,  and  their  ferocious  ind  warlike 
habits. 

The  distinction  of  letters,  into  vowels  and  consonants  has  not 
been  thought  sufficient :  they  have  been  further  distinguished,  ac- 
cording  to  the  parts  which  are  more  especially  engaged  in  the  me- 
chauism  of  their  pronunciation.    Thus  we  mark  the  labial,  oral, 
nasal,  and  lingual  vowels  ;  and  scmi-voicels,  M,  N,  R,  L,  which 
bear  different  names,  according  as  the  tongue,  in  articulating  them, 
strikes  the  roof  of  the  mouth,  the  teeth,  or  the  lips  :  lastly,  explo- 
sive consonants,  K,  T,  P,  Q,  G,  D,  B,  F,ai:d  sibilant,  II,  X,  Z,  S,  J, 
V,  F,  C,  which  are  more  numerous  and  more  frequently  em- 
ployed in  languages  of  more  difficult  pronunciation.    If  informa- 
tion  on  this  subject  could  be  of  real  utility,  I  should  explain  the 
mechanism  of  the  pronunciation  of  every  letter  of  the  alphabet, 
at  the  risk  of  furnishing  a  new  scene  to  the  Bourgeois  Gen- 
tilhomme. 

CXCVI.  Singing,  stammering,  dumbness,  ventriloquism. 
Singing  is  nothing  more  than  voice  modulated,  that  is,  running 
over,  with  varying  rapidity,  the  different  degrees  of  the  harmonic- 
scale,  passing  from  the  grave  to  the  acute,  and  from  the  acute 
to  the  grave,  with  expression  too  of  the  intermediate  tones. 
Though,  in  general,  our  song  is  spoken,  speech  is  not  necessary  to 
Jt.  This  action  of  the  organs  of  the  voice  requires  more  efforts 
and  motions  than  speech :  the  glottis  enlarges  or  contracts,  the 
larynx  rises  or  descends,  the  neck  stretches  out,  or  is  drawn  in  ; 
inspiration  is  accelerated,  prolonged,  or  slackened;  expiration  is 
long,  or  short  and  abrupt.  Accordingly,  all  these  parts  are  more 
fatigued  than  by  speech,  and  it  is  impossible  for  us  to  sing  as  long 
as  we  speak. 

Whatever  Rousseau  may  have  said,  irf  his  Dictionary  of  Music, 
singing  may  be  regarded  as  the  most  natural  expression  of  the  emo- 
tions of  the  soul,  since  the  least  civilized  nations  so  use  it,  in  their 
songs  of  war  and  love,  of  joy  and  mourning  :  and,  as  every  affection 
of  the  mind  modifies,  in  some  way,  the  voice,  music,  which  is  only 
imitated  song,  can,  by  the  aid  of  sounds,  paint  love  or  rage,  sadness 
or  joy,  fear  or  desire,  can  produce  the  emotions  of  these  different 
states,  can  thus  sway  the  course  of  our  ideas,  and  direct,  at  pleasure, 

*  N 
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the  operations  of  the  understanding,  and  the  acts  of  the  will*.  Of 
all  the  instruments  which  this  art  employs,  the  vocal  organ  of  man 
is,  indisputably,  the  most  perfect,  that  from  which  the  most  agree- 
able combinations  and  the  most  varied  may  be  ohiained.  Who  is 
there  that  knows  notth<j  property  of  the  human  voice  to  lend  it- 
self to  all  accents,  and  to  imitate  all  languages  1?  I  will  observe, 
on  the  occasion  of  bong, that  it  is  especially  consecrated  to  the  ex- 
pression of  tender  sentiments  or  movements  of  passion,  and  that  it 
is  turning  it  aside  from  its  natural  or  primitive  destination,  to  em- 
ploy it  in  situations  where  no  emotion  can  be  supposed.  It  is  this 
that  makes  the  recitative  of  our  operas  so  intolerably  tiresome, 
and  throws  such  ludicrousness  over  dialogues  where  the  speakers 
converse  singing,  on  the  most  inditferent  matters.  Languages 
abounding  in  vowels,  are  thereby  fitted  to  song,  and  favour  the 
growth  of  musical  genius.  It  is  perhaps  their  smooth  and  sono- 
rous language  that  has  given  to  the  music,  of  the  Italians,  its  supe- 
riority over  that  of  other  countries]:.  The  declamation  of  the 
ancients  was  much  more  removed  than  our  own,  from  the  common 
tone  of  conversation,  approached  nearer  to  music,  and  might  be 
noted  like  real  song. 

The  pleasantness,  the  precision  of  the  voice,  the  extent  and  va- 
riety of  inflexions  of  which  it  is  capable,  depend  on  the  good  con, 
formation  of  its  organs,  on  the  flexibility  of  the  glottis,  the  elasti- 
city of  the  cartilages,  the  particular  disposition  of  the  different 
parts  of  the  mouth  and  nasal  canals,  fed.  It  would  be  enough 
that  the  two  halves  of  the  larynx,  or  the  two  nasal  canals,  were 
unequally  developed  to  prevent  precision  and  distinctness  of 
voice. 

*  SccGretry,  Essais  sur  la  Musiifuc,  Sfe, 

+  See  in  the  Jukeptoh;  e  Fianqnis',  or  Art  de  prendre  I  miles  sort  s 
d'Oiseauj.,  .lie  way  in  which  they  are  drawn  into  snares  by  counterfeiting  (heir 
son  . 

J  This  pre-eminence  has  been  strongly  contested,  especially  in  France,  where 
fowurds  the  middle  of  the  last  century,  a  war  arose  on  the  subject,  in  which  her 
Whole  literature,  split  into  two  factions,  fought  for  the  superiority  of  Ficcini  and 
Gluck.  Out  of  the  heaps  uJ  writings  in  verse  and  in  prose,  w  ith  which  the  con- 
test was  carried  on,  few  epigrams  will  he  remembered,  the  letter  of  Rousseau 
on  Trench  music,  and  the  little  work  of  D'  Alembcrt  on  the  liberty  of  Music. 
Marmontel  too  has  made  these  disputes  the  subject  of  an  unpublished  Poem,  t  M* 
der  the  name  of  Vriyagei  rfe  Pulyninits 
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Stammering  is  a  vice  of  pronunciation  too  well  known  to  make 
it  necessary  to  define  it.  A  tongue  too  bulky  and  thick, — a  re- 
markable diminution  of  irritability,  as  in  drunkenness,  at  the 
approach  of  apoplexv,  and  in  certain  fevers  of  a  malignant  kind, 
— the  too  great  length  of  the  frasnum  of  the  tongue,-?— by  hinder, 
ing  the  readiness  and  ease  of  its  motions,  become  causes  of  stam- 
mering. Or  it  raav  be  produced  by  the  want  or  bad  arrangement 
of  several  teeth.  The  same  causes,  but  especially  the  length  of 
the  frxnum  of  the  tongue,  keep  down  this  organ  against  the 
lower  pniies  of  the  mouth,  and  hinder  its  point  from  striking 
the  anterior  part  of  the  roof  of  the  mouth  with  the  quick  6troke, 
requisite  for  the  pronunciation  of  the  letter  R.  The  name  of 
burr  \i  given  to  this  defect  of  speaking. 

As  for  dumbness,  it  may  be  either  accidental  or  from  birth. 
When  by  any  accident,  as  from  a  gun  shot  wound,  a  cancerous 
tomour  w  hich  has  rendered  necessary  the  extirpation  of  part  of 
the  tongue,  that  organ,  so  far  destroyed,  is  no  longer  able  to  apply 
itself  to  the  different  parts  of  the  parietes  of  the  month  and  com- 
bine its  motions  with  those  of  the  lips,  then  the  person  becomes 
dumb,  that  is  to  say,  deprived  of  speech.  He  has  still  voice,  or  the 
faculty  of  uttering  sounds :  he  may  even  artiealata,  if  he  supply, 
by  mechanical  means,  the  parts  of  the  tongue,  lips,  or  roof,  the 
want  of  which  hinders  his  pronunciation. 

It  is  not  so  with  the  dumb  from  birth.  Frequently,  all  parts 
cf  the  mouth  are  perfect  in  their  conformation,  and  yet  the  child 
cannot  attain  to  speech.  Such  is  the  case  of  a  little  boy  of  three 
years  and  a  half  old,  who  has  been  brought  to  me.  to  divide  his 
frxnnm  lingua.  Sometimes,  however,  the  tongue  adheres  to  the 
lower  part  of  the  mouth,  because  the  internal  membrane  of  that  ca- 
vity is  reflected  over  its  upper  surface,  long  before  it  reaches  the 
the  middle  line  of  the  inferior  surface.    In  other  caseg,  the  et  ges 

7  O 

of  the  tongue  adhere  to  the  gums. 

Sometimes,  also,  the  tongue  is  really  paralytic ;  such  was  the 
case  of  the  son  of  Crcesus,  whose  wonderful  story  is  related  by 
Herodotus*. 

In  the  deaf  and  dumb  from  birth,  the  dumbness  always  arises 
from  the  deafness  :  this,  at  least,  is  what  M.  Sicard  has  observed 

*  This  is  the  author's  solution  of  the  story,  not  Ilerodotu 's  statement,  who 
I3J3  expressly  the  boy  was  deaf.  But  the  conjecture  ji  ingenious,  and  show*  » 
poiiibility  in  the  itory,  which,  a3  Herodotus  tells  it,  ii  imyoisible. 
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in  the  great  number  of  pupils  committed  (o  his  care:  which  has  led 
him  to  say,  that,  in  them,  the  want  of  speech  should  bear  the  name 
not  of  dumbness,  hut  of  silence.  It  is  owing  entirely  to  the  abso- 
lute ignorance  of  sounds,  and  of  their  force  represented  by  the 
letters  of  (he  alphabet ;  the  organs  of  voice  shew  no  trace  of  in- 
jury ;  they  are  well  fitted  for  fulfilling  the  purposes  to  which  they 
were  allotted  by  Nature:  but  they  remain  inactive  because  the 
deaf  child  cannot  be  taught  to  use  them. 

It  was  necessary,  therefore,  as  the  ear  was  closed,  to  address  to 
other  senses  the  speech  he  must  endeavour  to  imitate.  His  eye 
must  be  made  to  watch  the  motions*  of  the  lips  and  the  tongue  ; 
bis  hand  to  feel  (he  vibrations,  and  the  utterance  of  sound  ;  and 
thence  he  must  learn  to  use  his  organs  of  speech:  this  has  been 
done.  What  Pereira  had  begun,  Sicard  has  brought  to  perfection*  : 
aud  such  command  of  articulate  sounds  has  been  given  to  the  deaf 
and  dumb  by  birth,  as  has  enabled  them  to  utter  words,  and  con- 
nected discourse.  Even  something  of  inflexion  of  strong  and 
weaker  tones  has  been  taught  them  by  using  the  arm  as  a  regu- 
lator, as  pedals  are  employed  to  modify  the  touches  of  the  piano- 
forte. 

But  instruction  to  the  deaf  and  dumb  must  be  given  them  by 
another  language.  Written  language  they  learn,  not  as  a  repre- 
sentative of  speech, but  as  hieroglyphic  characters  for  ideas:  and 
a  manual  language,  in  which  each  letter  is  expressed  by  the  posi- 
tion of  the  fingers  or  hands,  is  used  as  a  more  convenient  and  ra- 
pid representation  of  that  hieroglyphic  language  of  written  charac- 
ters. It  is  by  this  that  conversation  with  them  is  best  carried  on  ; 
and  it  is  with  an  ease  and  rapidity  which  astonishes  those,  who, 
for  the  first  time,  are  witnesses  to  (he  use  of  it. 

To  conclude  this  chapter,  I  have  still  to  speak  of  a  phenomenon, 
well  worthy,  by  its  singularity,  of  the  attention  of  physiologists. 
It  is  known  under  the  name  of  iicniriloquism,  because  the  voice 
weak,  and  little  sonorous,  appears  to  issue  from  the  stomach. 
There  is  now  living,  at  the  quondam  Palais-Royal,  at  the  Coffee- 
House  de  la  Grotte,a  man,  who  can  carry  on  a  dialogue  so  natural- 
ly, that  you  would  think  you  were  listening  to  the  conversation  of 
two  people,  at  some  distance  from  one  another,  and  quite  different 

*  Tt  is  known,  t!iat  old  men,  grown  deaf,  fix  their  attention  very  closely  on 
the  motions  of  the  lips,  ns  well  as  on  the  varying  expressions  of  the  face,  to  see- 
the  w  ord.  as  well  as  thoughts  of  those  who  are  speaking. 
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in  voice  and  tone.  I  hare  observed,  that  he  is  not  inspiring  while 
he  speaks  from  his  belly,  but  that  less  air  comes  from  his  mouth 
and  nostrils  than  in  his  ordinary  speaking.  Every  time  that  he 
does  so,  he  finds  a  swelling  in  the  epigastric  region ;  sometimes 
he  feels  wind  moving  lower  down,  and  cannot  go  on  long  to- 
gether without  fatigue. 

I  had  at  first  conjectured  that,  in  this  man,  a  great  part  of  the 
air  driven  out  by  expiration,  did  not  issue  from  the  mouth  and 
nasal  fossas,  but  that,  being  swallowed  and  carried  down  into  the 
stomach,  it  struck  against  some  part  of  the  digestive  tube,  and 
produced  a  real  echo,  but  having  since  observed,  with  the  greatest 
care,  this  curious  phenomenon  in  M.  Fitz-James,  who  exhibits  it  in 
the  highest  perfection,  I  have  satisfied  myself  that  the  name  of 
ventriloquism  no  ways  suits  it;  since  its  whole  mechanism  consists 
in  a  slow,  gradual,  attenuated,  expiration,  whether  for  that  pur- 
pose the  artist  employ  the  power  of  the  will  upon  the  muscles  of 
the  parietes  of  the  chest,  or  whether  he  hold  the  epiglottis  slightly 
lowered,  by  means  of  the  root  of  the  tongue,  of  which  he  scarcely 
brings  the  point  beyond  the  dental  arches. 

I  find  this  long  expiration  always  preceded  by  a  strong  inspira- 
tion, by  means  of  which  he  introduces  into  his  lungs  a  large 
quantity  of  air  of  which  he  afterwards  husbands  the  use.  Accor- 
dingly, repletion  of  the  stomach  is  a  great  hinderance  to  the  action 
of  M.  Fitz-James,  by  preventing  the  descent  of  the  diaphragm 
which  the  chest  would  require,  to  dilate  itself  for  the  full  quan- 
tity of  air  the  lungs  should  receive. 

By  accelerating  or  retarding  expiration,  he  can  imitate  diffe- 
rent voices,  make  it  seem  that  the  speakers,  in  a  dialogue,  which  he 
carries  on  by  himself,  stand  at  different  distances,  and  produce 
illusion  the  more  complete,  the  more  perfect  is  his  talent.  No  one 
equals  M.  Fitz-James  in  the  art  of  deceiving,  in  this  respect,  the 
most  wary  and  suspicious  observer. 

He  can  set  his  organ  to  five  or  six  different  tones,  pass  rapidly 
from  one  to  the  other,  as  he  does  when  he  represents  a  very  eager 
discussion,  in  a  popular  society  of  the  people,  imitate  the  sound 
of  a  bell,  and  carry  on,  singly,  a  conversation,  in  which  one 
might  think  that  several  persons  of  different  ages  and  sexes  were 
taking  parts.  But  what  completes  the  illusion  and  especially 
distinguishes  the  art  of  the  ventriloquist  from  that  of  the  mimic, 
who  can  only  counterfeit,  consists  in  the  power  of  so  modu- 


lating  his  voice  tha£  ohe  is  deceived  as  to  the  distance  of  the 
speaker,  in  such  sort,  that  one  voice,  comes  from  the  street, 
another,  from  a  neighbouring  apartment,   that,  from  one  that 
had   clambered  up  the  roof  of  the  house,  &c.     It  is  easy  to 
-discern  the  value  of  such  a  talent  ia  the  days  of  oracles. 
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Chapter  x» 

ON  GENERATION. 

CXCVU.  Viffei  'cnces  of  the  sexes.  The  functions  treated 
of  in  this  chapter  are  riot  necessary  to  the  life  of  the  individual, 
but,  without  them,  the  human  species  would  soon  perish,  for  w ant 
of  the  power  of  reproduction;  these  functions,  destined  to  pre. 
seive  the  species,  an:  entrusted  to  two  kinds  of  organs,  belonging 
to  the  two  sexes,  of  which  they  constitute  the  principal,  though  not 
the  only  difference. 

"Woraau,  in  fact  does  not  differ  from  man,  in  her  genital  organs 
merely,  but, likewise, in  her  lowei  stature,  in  the  delicacy  of  her 
organization,  in  the  predominence  of  the  lymphatic  and  cellular 
systems,  which  softens  down  the  projections  of  the  muscles, 
and  gives  to  all  her  limbs  those  rounded  and  graceful  forms,  of 
which  we  see,  in  the  Venus  of  Medicis,  the  inimitable  model.  In 
woman,  sensibility  is  also  more  exquisite  ;  and  with  less  strength, 
her  mobility  is  greater.  The  female  skeleton  even  is  easily  di  tin- 
guished  from  that  of  the  male,  by  striking  differences.  The  aspe- 
rities of  the  bones  are  less  prominent ;  the  clavicle  is  less  curved, 
the  chest  shorter  but  more  expanded,  the  sternum  shorter  but 
wider;  the  pelvis  more  capacious,  the  thighbones  more  oblique*, 
kc.  In  a  dissertation  on  physical  beauty,  read  by  Camper  to  tho 
Academy  of  design,  at  Amsterdam,  this  celebrated  physiologist 
shewed,  that,  in  tracing  the  forms  of  the  male  and  female  body 
within  two  elliplical  areas,  of  equal  size  in  both,  the  female  pelvis 
would  extend  beyond  the  ellipsis,  and  the  shoulders  be  within; 
while,  in  man,  the  shoulders  would  reach  beyond  their  ellipsis, 
and  the  pelvis  be  contained  within  its  limits. 

The  general  characters  of  the  sexes  are  so  marked,  that  it  would 
be  possible  to  distinguish  a  male,  merely  by  seeing  a  part  of  his 
body  naked,  even  though  this  part  should  not  be  covered  with 

»  Compare  the  beautiful  plates  of  the  male  and  female  skeleton  by  Albinu? 

and  Sccmmerin«;. 
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hairs  and  should  have  none  of  the  piincipal  attributes  of  virility. 
Should  this  difference  of  organization  and  character  be  ascribed  lo 
the  influence  of  the  sexual  organs  upou  the  rest  of  the  body?  Does 
the  uterus  impress  on  the  sex  all  its  characteristic  modifications? 
and  is  it  just  to  say  with  Vauhelmont:  Propter  solum  uterum  mu- 
lierest,  id '  quod  est  ■  the  uterus  alone  makes  woman  what  she  is. 
Though  this  viscus,  very  evidently,  re-acts  on  the  whole  system  ef 
♦  he  female,  and  seems  to  draw  under  its  controul  nearly  the  whole 
of  the  actions  and  affections  of  woman,  I  am, nevertheless,  of  opinion, 
that  it  is  far  from  being  the  only  cause  of  her  distinguishing  charac- 
teristics, since  these  may  be  recognized,  from  the  earliest  period  of 
life, when  the  uterine  system  is  far  from  having  attained  its  full  acti- 
vity.   A  very  singular  fact,  recorded  by  Professor  Caillior,  in  the 
second  volume  of  the  Memoirs  of  theMedical  Society  of  Paris,  proves 
better  than  all  the  reasoning  in  the  world,  how  much  the  character 
of  the  sex  is  independant  of  the  influence  of  the  uterus.    A  female 
was  born  and  grew  up  with  all  the  external  characteristics  of  her 
sex.    At  the  age  of  twenty-one,  she  wished  to  yield  to  her  desires, 
but  found  it  impracticable ;  there  was  nothing  beyond  the  vulva, 
in  other  respects,  well  formed.    A  small  canal,  between  two  and 
three  lines  in  diameter,  occupied  the  place  of  the  vagina,  and  ter- 
minated in  a  cul  de  sac,  and  was  about  an  inch  in  depth.  The 
most  accurate  examinations,  by  introducing  a  sound  into  the  blad- 
der, and  the  finger  up  the  rectum  discovered  nothing  like  the  uterus. 
"With  the  finger  i:i  the  rectum,  the  convexity  of  the  sound  in  the  blad- 
der, could  be  distinctly  felt,  so  flint  it  was  evident  that,  between  the 
lower  part  of  the  bladder  and  the  anterior  part  of  the  rectum, 
there  lay  no  organ  corresponding  to  the  uterus.    The  young  wo- 
man had  never  been  subject  to  the  periodical  evacuation  which  ac- 
companies or  precedes  the  time  of  puberty.    No  hemorrhage  sup- 
plied the  place  of  this  excretion.    She  experienced  none  of  the  in- 
dispostions  that  are  occasioned  by  the  absence  of  menstruation ; 
she  enjoyed,  on  the  contrary,  the  most  perfect  health  :  she  was  de- 
ficient in  none  of  the  other  characteristics  of  her  sex,  only  that 
her  breasts  were  small.  At  the  age  of  twenty  six  or  twenty  seven, 
she  became  subject  to  a  pretty  frequent  evacuation  of  bloody 
urine.    May  not  this  affection,  which  recurred  at  irregular  pe- 
riods, be  considered  as  a  means  by  which  nature  supplied  the  de- 
ficiency of  the  menstrual  evacuation?  The  bladder,  in  that  case, 
would  fulfil  the  office  of  the  uterus  and  its  capillary  vessels  must 
have  been  considerably  evolved. 
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The  rpp-oduction  of  the  species  is,  in  woman,  1  he  most  impor- 
tant object  of  life  ;  it  is  almost  the  only  destination  to  which  Na- 
tore  has  called  her,  and  the  only  duty  she  ha9  to  fulfil  inhuman 
society.    Wherever  the  earth  is  fruitful,  and  furnishes  man  with 
-iibundant  means  of  providing  for  his  wants,  he  dispenses  with  the 
sort  ices  of  woman,  in  obtaining  from  it  means  of  subsistence,  he 
releases  her  from  the  burthen  of  social  obligations.    The  Asiatic 
<  xpects  from  the  women  he  maintains  in  his  seraglio,  in  a  state  of 
inactivitv,  nothing  but  pleasures  and  children  to  perpetuate  his 
r:uo.    The  women  of  Oiaheite  have  no  employment  but  pleasure 
and  the  duties  of  mothers.    Among  some  of  ,(ho  savage  tiibes  of 
America,  man,  abusing  the  odious  right  of  power,  tyrannizes,  it  is 
true,  over  woman,  and  reserving  to  himself  all  the  advantages  of 
social  life,  male's  her  bear  all  its  weight;  but  this  exception  does 
not  invalidate  the  general  law  deduced  from  observation  of  all 
nations.    Whatever  withdraws  woman  from  this  primitive  destina- 
tion ;  whatever  diverts  her  from  this  end  is  to  her  injury  ;  it  is  the 
scope  of  all  her  actions  and  habits,  every  thing,  in  her  physical  or- 
ganization, has  evident  reference  to  it.    Of  all  the  passions,  in 
woman,  love  has  the  greatest  sway;  it  has  even  been  said  to  be  her 
only  passion.    It  is  true,  that  all  the  others  are  modified  by  it, 
and  receive  from  it  a  peculiar  cast,  width  distinguishes  them  from 
those  of  man*. 

We  will  enter,  no  further,  into  the  examination  of  the  general 
differences  which  characterize  the  two  sexes  ;  no  oneTas  entered 
more  deeply  into  this  subject,  or  has  treated  it  in  a  more  interest- 
ing manner,  than  M.  Roussel,  in  an  excellent  work  entitled  ;  Sys- 
ti-me  physique  and  moral  de  La  feoivi.c. 

CXCVUI.  ilernutphrodism.  llermnphrodism,  or  the  union 
of  the  two  sexes  in  the  same  individual,  is  impossible  in  man,  and 
in  the  numerous  class  of  red-blooded  animals.  There  is,  on  re- 
cord, no  well  authenticated  case  of  such  a  combination;  and  all 
the  hermaphrodites,  that  have  been  hitherto  met  w  ith,  were  beings 
imperfectly  formed ;  in  whom  imperfect  male  organs,  or  female 
organs  unnaturally  enlarged,  rendered  the  Bex  dubious.  None 

»  Fontenellc  used  to  say  of  the  drvolion  of  some  women  :  One  may  fee  that 
love  has  been  here.  It  has  been  said  in  jppaking  of  St.  Theresa  :  To  love  God  is 
still  to  love.  Thomas  maintains  that,  tcith  tetmctt,  a  man  is  more  than  a  na. 
t'titn.  Love  is  but  an  tplio&t  In  thfttfe  of  nun;  it  is  tlta  whole  history  of  the 
life 'if  woman.    (.Madam*  DE  STALL). 
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was  over  found  that  had  (ho  power,  by  itself,  of  beg.fting  a  similar 
being  to  itself:  the  greater  number  were  incapable  of  reproduction  i 
the  imperfection,  or  the  faulty  conformation  of  thfir  organs,  con- 
demned them  to  barrenness.  Such  was  the  case  with  the  herma- 
phrodite mentioned  by  Petit  of  Namur,  in  the  Memoirs  of  (he 
Academy  of  Sciences;  with  that  one  whose  case  is  related  by  Md. 
ret,  in  the  Memoirs  of  the  Academy  of  Dijon,  and  with  all  (hose 
to,  be  found  in  (he  records  of  (he  Medical  Socie(y,  which  contain 
the  greatest  number  of  facts  of  (his  kind. 

But  though,  in  man,  and  in  all  beings  that  most  resemble  him,  in 
their  organization,  complete  hermaphrodism  has  never  been  met 
•with,  it  is  a  frequent  occurrence  among  the  white-blooded  animals, 
and  especially  among  the  plants  that  occupy  the  lowest  part  of  the 
scale  of  organized  beings.  The  same  is  observed  in  polypi,  in  se- 
veral kinds  of  worms,  in  oysters,  and  snails.  The  latter  present  a 
singular  variety  of  hermaph.rcd'ism,in  this, that  the  male  and  female 
organs  being  combined  in  the  same  individual  it  is  still  singly,  not 
capable  of  generation,  but  is  obliged  to  copulate  with  another 
being  likewise  an  hermaphrodite,  so  as  to  receive,  from  friction 
and  other  means  of  irritation,  the  excitement  to  the  act  of  repro- 
duction. 

In  the  immense  tribe  of  moncecia  plants,  the  male  and  female 
organs  are  combined  on  one  stalk,  and  even  sometimes  within  (he 
same  flower,  A  number  of  stamina  surround  one  or  more  pi sti Is, 
shed  on  the  stigma  their  fertilizing  dust  or  pollen,  which  is  con- 
veyed, along  the  canal  of  the  style,  into  the  ovary,  there  to  impreg- 
nate th  e  seeds  by  means  of  which  the  species  are  perpetuated. 
The  same  vegetable  species  containing,  sometimes,  male  and  female 
individuals,  the  sexes  may  be  at  considerable  distances  from  one 
another;  the  semjnal  dust  is,  in  that  case,  conveyed  by  the  air, 
from  the  male  to  the  female.  This  is  the  case  with  palm  trees  on 
which  Gleditsch  made  his  first  observations  on  the  generation  of 
plants  ;  hemp,  spinage,  mercurialis,  &c. 

CXCIX.  It  is  a  distinction  of  the  human  species  that,  in  lliem, 
the  functions  of  generation  are  not  under  the  influence  of  the  sea- 
sons.  The  lower  animals,  on  (he  contrary,  draw  together,  and 
pair  at  stated  periods  of  the  year,  and  seem  afterwards  to  forget 
the  enjoyments  of  love,  that  (hey  may  a((end  (o  their  other  neces- 
si(ies.  Thus,  wolves  and  foxes  copulate  in  the  middle  of  winter; 
(leer,  in  autumn,  most- birds  in  spring.  Man  alone  seeks  his 
partner  at  all  seasons  of  the  year,  and  impregnates  her  under  all 
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latitudes  and  in  all  temperatures.  This  privilege  is  not  so  much 
the  consequence  of  his  peculiar  constitution,  as  a  result  which  ho 
derives  from  his  industry,  protected  by  the  shelters  which  he  con- 
.structs  against  ihe  inclemency  of  the  seasons,  and  the  variations  of 
the  atmosphere ;  always  capable  of  gratifying  his  physical  wants 
by  help  of  the  stores  which  is  foresight  has  led  him  to  collect,  he 
can,  at  all  times,  indulge  in  the  enjoyments  of  lore.  The  domes- 
tic animals  which  we  have,  in  great  measure,  removed  from  the  in- 
fluence of  external  causes,  bring  forth  almost  indiscriminately,at  all 
seasons  of  the  year.  To  prove  still  further,  that  it  is  from  coun- 
teracting, by  the  resources  of  his  industry,  the  influence  of  nature, 
that  man  has  succeeded  in  resisting  the  influence  of  the  seasons,  in 
the  reproduction  of  his  species,  I  may  observe,  that  this  effect  of 
temperature  is  more  absolute,  the  farther  the  species  is  from  man  : 
hence  the  spawn  of  fishes  and  frogs  is  productive  sooner  or  later, 
according  to  the  earliness  or  lateness  of  the  season,  and  thus,  a 
great  number  of  insects  depend  on  the  heat  of  the  weather  for  their 
powers  of  reproduction,  and  for  their  existence. 

CC.  Of  the  organs  of  gsnerat ion  in  man.  Aristotle,  Galen, 
and  their  verbose  commentators,  have  expressed  the  analogy 
which  subsists  between  the  organs  of  generation,  in  the  two  sexes, 
by  saying  that  they  differ  on'y  in  their  position,  being  external  in 
man,  and  internal  in  woman.  There  is,  in  fact,  a  considerable,  re- 
semblance between  the  ovaria  and  the  testicles,  the  fallopian  tubes 
and  the  vasa  deferentia,  the  uterus  and  the  vesical ae  seminales,  the 
ragina,  the  external  organs  of  generation  in  women,  and  the  male 
penis.  The  former  secrete  the  seminal  fluid  and  furnish,  in  man 
or  in  woman,  a  matter  essential  to  generation  (ovaria  and  testi- 
cles). The  fallopian  tubes,  like  the  vasa  deferentia,  convey  this 
fluid  into  receptacles  where  it  has  to  remain  for  some  time  (uterus 
and  vesiculae  seminales).  These  contractile  cavities,  which  serve 
as  reservoirs  to  the  semen,  or  its  product,  part  with  these  sub- 
stances, when  they  have  remained  within  them  a  sufficient  length 
of  time;  lastly,  the  vagina  and  penis  serve  to  expel  them.  How. 
ever  striking  such  analogies  may  be,  we  are  not  justified  in  infer, 
ring  a  perfect  resemblance  between  the  organs  of  generation  in 
the  two  sexes.  Each  of  them  fulfills,  in  the  act  of  reproduction, 
functions  perfectly  distinct,  though  of  reciprocal  necessity. 

The  prolific  fluid  is  secreted  by  the  testicles;  these  organs 
are  two  in  number,  covered  by  several  coat?,  one  of  which,  covered 
by  the  skin,  and  known  under  the  name  of  scrotum,  resembles  a 
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fcag  containing  both  these  organs,  it  contracts  on  the  application 
of  cold,  is  relaxed  by  heat,  and  possesses  a  degree  of  contractility 
more  evident  than  in  the  other  parts  of  the  cutaneous  tissue.  The 
dartos  furms  a  stcond  cellular  envelope  common  to  each  testicle. 
The  tunica  vaginalis,a  serous  membrane  affords  an  immediate  cover- 
ing to  them,  and  reflecting  itself  (.ver  their  surface,  is  disposed  wilh 
regard  to  them,  as  the  peritoneum  wilh  regard  to  the  abdominal 
viscera,  that  is,  it  does  not  contain  them,  within  its  cavity.  Lastly, 
the  testicles  are  covered  by  a  fibrous,  white,  thick,  and  very  con- 
sistent membrane;  it  is  termed  tunica  albuginea,  from  the  inner 
surface  of  which  there  arise  a  considerable  number  of  membranous 
lamina?,  which,  crossing  one  another,  within  it.«  cavity,  form  cells 
containing  a  yellowish  vascular  substance.    This  substance  con- 
tained within  the  tunica  albuginea,  has  so  little  consistence,  that  it 
would  very  soon  be  dissolved,  if  the  testicle  were  stripped  of  its 
outer  covering.    It  is  formed  by  the  seminiferous  tubes,  which  are 
small  capillary  vessels  extremely  tortuous  and  coiled  on  themselves, 
arising,  probably,  from  the  extremities  of  the  spermatic  arteries, 
all  directed  towards  the  upper  part  of  the  oval  formed  by  the  tes- 
ticles, joining  in  this  place,  and  forming  about  ten  or  twelve  tubes 
which  unite  into  a  cord  situated  within  the  tunica  albuginea, 
called  the  corpus  Ilighmorianun.    The  ten  or  twelve  ducts  w  hich 
unite  into  a  fasciculus,  aud  form  this  cord,  pass  tln  ough  the  mem- 
brane within  which  they  are  contained,  unite  into  a  single  canal 
which  is  convoluted,  and  forms  a  substance  called  the  epididymis. 
This  canal,  formed  by  the  union  of  the  ducts  of  the  corpus  lligh- 
morianum,  at  first  convoluted  on  itself,  becomes  less  and  less  tor- 
tuous, as  it  approaches  the  lower  extremity  of  the  testicle;  there 
it  bends  back  and  ascends  under  the  name  of  vas  deferens,  along 
the  spermatic  cord,  as  far  as  the  inguinal  ring,  by  which  it  enters 
the  abdominal  cavity.    The  vasa  deferenlia,  thongh  of  the  size  of 
a  quill,  have,  nevertheless,  a  very  small  cavity ,  and  it  is  not  easy  to 
say  why  a  capillary  tube  should  have  such  thick  parietes,  and 
nearly  as  hard  as  cartilage. 

The  semen,  secreted  by  the  testicles,  is  formed  from  the  blood 
conveyed  to  them  by  the  spermatic  arteries,  long,  slender,  and 
very  tortuous  vessels,  arising  from  the  aorta,  at  a  very  acute 
angle.  This  fluid  is  filtered  through  the  seminiferous  tubes,  passes 
into  those  of  (he  corpus  Ilighmorianurn,  and  thence  into  the  vasa 
deferentia,  which,  after  they  have  entered  tbc  abdomen,  terminate 
into  the  vesicular  seminales,  and  deposit  into  them  the  spermatic 
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fluid.  The  delicacy  of  the  organization  of  the  testicle,  the  deli- 
cacy of  the  vessels  along  which  the  semen  is  conveyed,  account 
for  its  tendency  to  congestion,  and  for  the  difficulty  with  which  a 
resolution  of  this  a  flection  is  obtained. 

The  spermatic  fluid  passes  from  the  rasa  deferentia,  into  the 
vesicula;  seminales,  notwithstanding  the  retrograde  direction  of 
their  course.  The  cavities  serving  as  receptacles  to  the  semen, 
resemble,  in  this  respect,  the  gall  bladder.  Notwithstanding  the 
unfavourable-direction  in  which  the  ducts  of  the  1'iTer  and  of  the 
testicles  join  their  respective  receptacles,  they  nevertheless  convey 
their  fluids  into  the  latter;  the  bile,  because  the  ductus  choledo- 
chus  is  pressed  by  the  coats  of  the  duodenum,  contracted  on  itself 
when  empty  ;  the  semen,  because  the  duct  along  which  it  is  con- 
Teyed,  penetrating  through  the  prostrate  gland,  and  opening  into 
the  urethra,  by  a  very  narrow  orifice,  this  tluid  flows  back  more 
readily  into  the  vesicular  seminales,  than  from  the  vas  deferens 
into  the  ejaculatory  duct. 

The  vesicular  seminales  form  two  membranous  receptacles  of 
different  capacity,  in  different  individuals,  larger  in  young  people 
and  adults,  than  in  children  and  old  people.  Their  cavity  is  divi- 
ded into  a  number  of  cells;  they  are  lined  with  a  mucous  mem- 
brane which  secretes,  in  considerable  quantity,  a  viscid  humour 
that  mingles  with  (ho  semen,  increases  its  quantity  and  serves  as  a 
vehicle  to  it.  The  situation  of  the  vesicula?  seminales,  between 
the  rectum,  the  levatores  am,  and  the  posterior  part  of  the  bladder, 
promotes  the  excretion  of  their  contents  (which  is  chiefly  brought 
about  by  the  contraction  of  their  parietes),  by  the  compression  of 
the  levatores  ani,'  which  are  in  a  state  of  convulsion  at  the  moment 
of  emission.  Animals  that  are  not  provided  with  these  seminal  re- 
ceptacles remain  a  considerable  time  in  a  state  of  copulation,  the 
prolific  fluid  necessary  to  impregnation  having  to  be  secreted  du- 
rir.g  the  time  that  the  copulation  lasts,  and  flowing  in  drops. 

The  ducis  formed  by  the  union  of  the  vesiculae  seminales  with 
the  vasa  deferentia,  pass  through  the  prostate  gland  and  open,  by 
separate  orifices,  into  the  urethra,  at  the  bottom  of  a  lacuna,  near 
the  verumontanum.  The  glandular  body  in  which  they  are  in- 
closed, and  which  contains  both  the  neck  of  the  bladder  and  the 
beginning  of  th<- urethra,  does  not  exist  in  women.  The  mucous 
and  whitish  fluid,  secreted  by  the  prostate,  is  conveyed  by  ten  or 
twelve  orifices  into  the  urethra.  This  prostatic  fluid  mingles  with 
the  semen,  adds  to  its  quantity,  is  perhaps  emitted  first,  in  order  to 
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lubricate  the  internal  Surface  of  the  canal,  and  prepare  it  for  the 
passage  of  the  seminal  lluid,  by  rendering  the  internal  surface  of  the 
urethra  more  -slippery.  The  use  of  the  urethra  is,  uot  only  to  con- 
vey the  semen  out  of  the  body,  but  likewise  to  serve  in  the  excre- 
tion of  the  urine,  and  to  form  a  part  of  the  penis.  The  latter  des- 
tined to  convey  the  prolific  lluid  into  the  female  organs  of  gene- 
ration, must  be  in  state  of  erection  to  perform  this  function  com- 
pletely. Erection  being  a  phenomenon  of  structure,  that  of  the 
penis  will  be  considered,  after  the  description  of  the  female  organs 
of  generation. 

CGLL  Of  the  female  organs  of  generation.  I  shall  not  adopt 
the  anatomical  arrangement  generally  followed  in  this  description, 
but  classing  in  three  divisions,  the  different  parts  which,  in  women, 
are  subservient  to  the  genital  functions,  I  shall  speak  first  of  the 
ovaria  and  fallopian  tubes,  then  of  the  uterus  and,  in  the  last  place 
of  the  vagina  and  external  parts. 

The  ovaria,  situated  in  the  female  pelvis,  connected  to  the  ute- 
rus by  a  ligament,  receive  the  vessels  and  nerves  which,  in  v»men, 
are  sent  to  the  testicles  ;  they  resemble  in  form  the  latter,  but  are 
somewhat  smaller.  Do  the  ovaria  secrete  a  fluid,  which,  by  mix- 
ing with  the  male  semen,  produces  the  new  bein^,  or  is  there  de- 
tached from  them,  at  the  moment  of  conception,  an  ovum  which 
the  semen  vivifies.  Whatever  opinion  is  adopted,  one  is  compelled 
to  admit,  that  the  ovaria  prepare  a  substance  essential  to  genera- 
tion, since  females,  in  whom  these  parts  have  been  extirpated,  are 

It  is,  likewise,  unquestionably,  along  these  membranous  tubes, 
called  fallopian,  that  this  substance,  whatever  it  may  be,  furnished 
by  the  ovaria,  passes  into  the  uterus,  into  which  one  of  their  extre- 
mities  opens;  while  the  other  extremity,  broad  and  fringed,  lies 
loosein  the  cavity  of  the  pelvis,  supported  by  a  small  duplicature 
of  the  peritoneum,  but  undergoes  a  state  of  erection  and  applies 
itself  to  the  ovarium,  during  the  act  of  coition,  and  forms  a  continu- 
ous canal  between  that  organ  and  the  cavity  of  the  uterus.  The 
external  orifice  of  the  fallopian  tube,  called  corpus  Jimbrialum, 
has  been  found  grasping  thus  the  ovarium,  in  females  opened  im- 
mediately after  coition.  Jt  may  happen,  from  a  malformation  of 
the  parts,  that  the  fallopian  tube  may  not  be  able  to  apply  itself  to 
the  ovarium;  I  dissected  at  the  Hospital  lie  la  Charilc,  the  body 
of  a  woman  who  had  been  barren  ;  and  found  the  corpora  fimbriate) 
«r  the  expanded  terminations  of  the  fallopian  tubes  adhering  to 
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the  lateral  parietes  of  the  pelvis,  so  that  it  whs  Impossible 
thov  should  perform  the  motions  required  for  impregnation. 

The  uterus,  king  in  the  pelvis,  between  the  rectum  anil  hhdder, 
is  a  hollow  viscus,  in  which  the  fcetus  grows  till  the  period  of  birth- 
Its  internal  part  has  been  found  separated  into  two  \ cavities, 
opening,  in  some  cases,  in  the  same  Vagina  and,  at  Others,  termina- 
ting in  a  vagina  that  wasdouble,  only  in  the  immediate  vicinity  of  the 
uterus.  Yaiisnieri  mentions  the  case  of  a  woman  who  had  a  double 
uterus,  the  one  opening  in  the  vagina,  and  the  other  communicat- 
ing with  the.  rectum.  Though  the  muscularity  of  the  parietes  of 
the  uterus  becomes  manifest,  in  proportion  as  this  organ  enlarges, 
during  the  progress  of  pregnancy,  this  hollow  muscle  may  be  said 
to  differ  from  other  muscular  organsvby  the  arrangement  of  its 
libres,  which  it  is  dillicult  to  discover  while  its  cavity  is  empty, 
and  which  it  is  even  impossible  completely  to  unravel,  while  it 
contains  the  foetus  ;  its  most  remarkable  distinguishing  character, 
is  its  singular  property  of  dilating  and  stretching  itself,  and,  at  the 
same  time,  of  gaining  In  thickness  instead  of  becoming  thinner. 

The  vagina  is  remarkable,  only  by  the  soft,  wrinkled,  and  easily 
dilated  structure  of  its  parietes.  The  upper  extremity  of  this  oblique 
cand,  which  is  directed  upward  and  backward,  embraces  the  cer- 
vix of  the  uterus,  while  its  loWcr  orifice  is  surrounded  by  a  spungy 
body,  whose  cells  fill  with  blood  and  expel  it,  like  the  corpora 
cavernosa  of  the  penis,  and  clitoris.  It  is  called  plexus  retiformej 
its  turgescence,  during  erection,  contracts  the  orifice  of  the  vagina ; 
the  contraction  of  the  constrictor  muscle,  which  answers  the  pur- 
pose of  the  accelerator  urina;  in  man,  and  which  lies  over 
this  plexus  retiforme,  surrounds  like  it,  the  entrance  of  the  vagina, 
and  may,  in  the  same  manner,  contract  the  orifice  of  this  canal. 

Besides,  this  external  orifice  is  furnished,  in  women  who  have 
had  no  connexion  with  men,  with  a  membranous  fold,  varying  in 
breadth,  generally  semicircular,  and  called  hymen.  Its  existence 
is  considered  by  many,  as  the  most  certain  sign  of  virginity.  But. 
all  the  marks  by  which  it  has  been  attempted  to  obtain  a  certainty  of 
the  presence  of  virginity  are  very  eqivocal*  The  relaxed  stateof  the 
parts, from  a  great  quantity  of  mucus,  in  a  woman  subject  tothe  floor 
albus;  or  from  the  blood  of  the  menstrual  discharge,  may  make 
the  hymen  yield  and  not  rupture,  so  that  a  woman  might  seem  a 
virgin  without  being  such  ;  while  another  woman  who  has  not  lost 

1  *  AtUsnen  priiaa  venua  debet  esse  cruenta.'' 

HALLER. 


m 

her  virginity,  might,  from  illness,  have  her  hymen  destroyed. 
There  are,  in  the  last  place,  persons  in  whom  the  h)  men  is  so  iudis- 
tinct,  that  several  anatomists  have  doubted  its  existence. 

The  other  external  parts  of  generation,  which  are  easily  disco- 
vered, without  the  aid  of  dissection,  cannot  be  considered  as 
merely  ornamental ;  all  nre,  as  will  be  shewn,  presently,  of  real 
utility.  The  folds  of  skin  which  form  the  labia  and  the  nymphae, 
yield,  during  the  delivery  of.  the  foetus.  These  dBplicaures  not 
oidy  unfold  themselves,  but  likewise  undergo  a  ilegree  of  extension, 
their  tissue  being  moisted,  softer,  and  more  extensible  than  that  of 
the  skin.  The  mons  veneris,  the  hairs  which  cover  it,  the  clitoris 
which  resembles  an  imperfect  penis,  seem  merely  organs  ef  volup- 
tuousness; but  is  not  pleasure  itself  an  element  m  the  act  by  which 
the  human  species  is  reproduced  ? 

CCfl I.  Of  conception.  When  a  chemical,  mechanical,  or 
mental  irritation  excites  the  action  of  the  genital  organs,  the  penis- 
elongates  itself,  becomes  turgid  and  stiff,  from  the  accumulation 
of  blood  within  the  cells  of  the  corpus  cavernosum,  and  within 
those  of  the  corpus  spongiosum  of  the  urethra.*  The  turgescence 
of  these  two  parts  of  the  penis  should  be  simultaneous,  to  render 
the  erection  complete.  It  has  been  thought  that  this  phenomenon 
might  be  accounted  for,  by  the  compression  of  the  pudic  veins, 
yt  hicb  are  situated  between  the  sy  mphysis  pubis  and  (he  root  of  the 
penis,  which,  as  long  as  the  erection  lasts,  is  compressed  against 
the  bone  15y  tlie  erector  muscles.  Hut  far  from  elevating  the  penis, 
the  muscles  of  the  perineum,  especially  the  ischio  cavernous  (crcc- 
toi  e> penis,)  tend  to  depress  it.  The  blood  which  distends  the  cor- 
pora cavernosa  of  the  penis,  and  thecorpus  spongiosum  of  the  ure- 
thra and  glans,  which  "Is  itself  the  expanded  extremity  of  the  ure- 
thra, does  not  stagnate  in  their  cells,  only  there  is  a  greater  quan- 
tity of  blood  in  them,  than  usual;  the  irritation  increasing,  in  a 
remarkable  manner,  the  action  of  the  arteries.  Erection,  always 
proportioned  to  the  degree  of  the  stimulus,  ceases,  when  the  cause 
of  irritation  no  longer  acts  on  the  penis;  in  the  same  manner  that 
an  inflammatory  tumour  is  discussed,  when  the  cause  is  renioved+. 

*  "  Penis  mrtestiil-i  constructus,  ut  stitmtlo  corporeo  sive  mentali  irritatus, 
turgeat  et  obrigesrat,  seque  ciigat,  postea  detumeacat,  ct  collabutur." 

CREVE, 

+  The  animal  heat  is  somewhat  augmented,  during  erection,  as  well  as  in  in- 
flammation. The  temperature  of  the  blossoms  of  the  arum  rises  several  degrees 
above  that  of  the  atmosphere,  at  the  moment  of  impregnation. 
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In  this  voluptuous  dilatation,  the  urethra  is  brought  into  a  state  of 
erection,  being  put  on  the  stretch  by  the  penis  which  is  elongated, 
its  curves  are  straightened,  the  irritation  is  propagated  from  thef 
■external  to  the  internal  parts,  to  the  vesicula;  seminalcs  and  the 
testicles.  These  swell  and  their  secretion  is  increased,  as  they  re- 
ceive a  gentle  degree  of  motion  from  the  action  of  the  scrotum, 
which  becomes  wrinkled  and  draws  them  up  towards  the  abdomen? 
and  by  the  action  of  the  cremaster  muscle,  whose  expansion  forms* 
between  the  tunica  vaginalis  and  the  dai  tos,  what  has  been  im- 
properly called  the  tunica  crythroidea;  they  empty  themselves 
with  the  greater  ease  along  the  vasa  deferentia,  which  decrease  in 
length,  as  the  testicles  rise,  and  which  participate  in  the  concussion 
affecting  these  organs- 

The  concussions  of  the  cremaster  on  the  testicle,  or  on  the  vasa 
deferentia,  promote,  in  so  important  a  manner,  the  secretion  and 
excretion  of  the  semen,  that  this  little  muscle  is  found  in  animals 
whose  testicles  never  leave  the  abdomen,  but  remain  w  ithin  that 
ca?ity  on  the  sides  of  the  lumbar  region,,  as  was  observed  by  Hun- 
ter in  the  hedge-hog  and  the  ram.  This  fact  of  comparative.aua- 
tomy  shews,  that  the  cremaster  Is  of  use,  not  merely  in  suspending 
the  testicles  as  its  name  indicates,  since  in  -the  animals  above  men- 
tioned, they  return  into  the  abdomen  towards  the  organ  on  which 
they  are  to  act. 

When  irritation  is  carried  to  a  certain  ler-^th,  it  acts  on  the 
vesicula;  seminales,  and  these  on  the  fluid  which  fills  their  cavity, 
and  they  expel  it,  by  the  spasmodic  contraction  of  their  membranous 
parietes,  assisted,  in  this  excretion,  by  the  Icvntores  ani.  (CCI.) 
The  prostrate  gland  and  the  mucous  glands  of  the  urethra  furnish  a 
viscid  substance,  calculated  to  promote  the  evacuation  of  the  semi- 
nal fluid  which  is  emitted  in  jets,  more  or  less  rapid. 

CCIV  .  The  human  semen  is  never  emitted  in  a  state  of  purity, 
that  is.  such  as  it  is  prepared  by  the  testicles  ;  it  is  even  conjectured, 
that  the  mucous  fluid  of  the  vesicula?  scminales  forms  the  greatest 
part  of  it.  It  is  this  mucus  which  eunuchs  emit  in  considerable, 
quantity.  The  fluid  secreted  by  the  prostate  gland  and  by  the 
mucous  glands  of  the  urethra,  afTect  it,  likewise,  by  uniting 
with  it. 

On  being  received  into  a  veisel,  it  exhales  a  peculiar  smell  liko 
that  of  the  pollen  of  a  great  number  of  plants,  for  example,  of  the 
chesnut  tree.  It  consists  of  two  parts,  the  one  thick  and  in  clots, 
while  the  other  is  viscid,  white  aud  more  lluid.    The  proportion 
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of  the  fluid  in  the  genu  concrete  part  is  greater,  in  proportion  u» 
the  person  is  weaker,  and  as  the  emission  of  somen  is  more  fre- 
quently repeated,  It  soon  liquefies,  by  losing  part  of  its  weight 
■which  always  exceeds  that  of  water  in  which  it  becomes  soluble, 
though  it  w  is  not  so  at  first.  Qn  being  analyzed  by  M.  Vauqm -I'm. 
it  was  found  to  contain:  of  water  00  centimes — of  animal  muii- 
Jago  6— phosphate  of  lime  3 — soda  1.  It  is  in  consequence  of 
this,  last  alkali,  that  it  is  enabled  to  turn  syrup  of  violets  to  a  green, 
colour.  The  animal  mucilage  is  not  pure  albuminc,  but  rather  a 
gelatinous  mi  cas,  oo  which  the  qualities  of  the  semen  appear  par. 
ticularly  to  depend,  such  as  its  insolubility  in  water,  its  odour  and 
spontaneous  liquefaction. 

I  On  being  examined  with  the  miprpscope,  the  semen  is  seen  to 
contain  small  animalcules,  w  ith  a  rounded  head,  a  tapering  tail, 
and  moving  with  rapidity.  Is  the  liquefaction  of  the  glutinous 
and  viscid  parts  of  the  semen,  owing  to  the  motion  of  (liege  crea- 
tures? These  microscopic  niumalcules  are  to  be  defected  in  tho 
semen,  only  at  the  period  of  puberty.  It  has  been  thought  that 
they  shunned  the  light;  authors  have  eyon  gone  the  length  of  de- 
scribing their  ways  and  their  diseases.  The  imagination  has  had 
much  to  do  with  all  that  naturalists  have  fancied  they  saw  in  these 
creatures,  which  Ihey  made  subservient  to  their  explanations  of 
the  mechanism,  of  reproduction.  However,  it  must  be  confessed, 
that  in  all  the  animal  fluids  and  in  the  juices  of  many  plants,  a  cer- 
tain number  of  the$e  animalcules  may  be  detected  by  means  of  the 
microscope.. 

yV  spasmodic  contraction  affects,  during  the  expulsion  of  the 
semen,  not  only  the  organs  of  generation;,  but  the  whole  body 
participates  in  the  convulsive  state  and  the  moment  of  emission  is 
accompanied  by  a  commotion  of  all  its  parts ;  so  that  it  should 
seem,  says  Bordeu,  that  in  that  instant,  Nature  forgot  every  other 
function,  and  was  solely  engaged  in  collecting  her  strength  and  di- 
recting it  to  one  organ.  This  gem  ial  spasm,  this,  as  it  were, 
epileptic  convulsion,  is  followed  by  universal  depression;  this 
physical  lassitude  is  attended  with  a  sensation  of  sadness  which  is 
not  without  enjoyment.  Does  this  peculiar  sensation,  which,  ac- 
cording to  Lucretius,  mingles,  grief  w  ith  flic  most  lively  enjoyment 
of  which  we  are  capable,  depend  on  the  fatigue  of  the  organs., 
or,  in  truth,  as  some  metaphysicians  have  imagined,  on  the 
confused  and  distant  notion  that  occurs  to  the  soul,  of  its  own  dis- 
solution? 
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The  penis  does  not  enter  the  uterus,  though  the  semen  does. 
The  os  tinea:  oilers  too  small  a  slit,  and  its  thick  edges  are  besides 
in  contact.  It  would  be  difficult  to  conceive  that  this  strait  passage 
should  admit  even  the  semiuallluid,  if  it  were  uot  known,  that  in 
the  moment  of  copulation,  the  uterus,  from  irritation,  draws  toge- 
ther, and  inhales,  by  real  suction,  the  semen  which  it  craves. 
Plato  ompared  this  organ  to  an  animal  living  within  anotheranimal, 
coiitrouling  all  the  actions  of  the  living  economy,  burning  to  sate 
itself  with  the  liquor  of  the  male,  and  digestiug  it  to  form  a  new 
individual, 

The  great  thickness  of  the  cervix  of  the  uterus  has  given  room 
for  reasonable  doubt,  if  its  orifice  could  dilate  sufficiently  to  admit 
a  fluid  of  the  consistency  of  semeu.  Some,  therefore,  have  thought 
that  it  was  not  this  fluid  itself  that  penetrated  into  the  cavity  of  the 
uterus,  but  the  subtlest  of  its  parts,  the  most  spiritualised,  a  proli- 
fic vapour,  to  which  they  have  given  the  name  of  aura  scminulis ; 
but,  besides  that  the  semen  has  been  found  in  the  uterus,  in  animals 
opened  immediately  after  copulation,  Spallanzani,  in  his  experi- 
ments on  the  fecundation  of  frogsj  of  salamanders,  and  toads,  per- 
ceived that,  to  enable  the  eggs  to  produce,  it  was  not  enough  to 
expose  them  to  the  vapour  which  rises  from  the  seminal  tiuid  of 
the  male;  and  that  nothing  was  effected,  unless  (the  fluid  semea 
actually  touched  them,  though  in  ever  so  small  a  quantity. 

It  has  been  said,  that  the  uterus  dilates  to  receive  the  semen, 
constricts  itself  to  retain  it,  and  that  this  spasmodic  contraction 
of  the  uterus,  felt,  as  Galen  assures  us,  by  women,  who  preserve 
enough  sang-froid  to  make  observations  in  that  situation,  was  tha 
most  undoubted  sign  that  could  be  had  of  the  success  of  the  copu» 
lation.  It  is,  no  doubt,  to  ensure  this  retention,  that  it  is  custo- 
mary to  throw  cold  water  on  the  females  of  some  domestic  animals, 
When  they  go  too  eagerly  to  the  male.  The  spasm  of  the  skin,  oc- 
casioned by  the  cold  striking  it,  affects  the  uterus,  and  hinders 
the  flowing  back  of  the  semen  which  has  been  thrown  into  its 
cavity. 

It  has  also  seemed,  that  women  conceived  more  easily,  for  a 
little  time,  after  menstruation  j  when  the  mouth  of  the  uterus  is  less 
exactly  closed  than  usual. 

The  seminal  fluid,  thrown  into  the  cavity  of  the  uterus,  passes 
along  the  fallopian  tubes  to  the  ovaria.  It  does  not  diffuse  itself 
in  the  cavity  of  the  abdomen,  because  the  membranous  duct  seizes 
the  ovarium,  which  corresponds  to  it,  grasps  it  closely,  aiid  esta. 
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blishcs  nn  uninterrupted  canal,  from  this  organ  to  the  uterus.  The 
Ovarium,  bedewed  by  the  semen,  irritated  by  ils  contact,  lets  a 
fluid  escape,  or  perhaps  a  little  ovum,  which  passes  into  the  ute- 
rus, the  same  way  that  the  semen  reached  itself.  All  that  remains 
to  be  said,  concerning  the  mechanism  of  generation,  must  not  be 
delivered  as  real,  but  merely  as  probable,  such  is  the  darkness  with 
which  Nature  has  chosen  to  envelop  this  great  mystery  of  the  Jiving 
economy.  -. 

After  distinguishing  the  true  from  the  probable,  an  indispensa. 
ble  duty  in  every  science  of  facts  and  observations,  like  phjsio- 
Jogy,  I  shall  proceed  to  state  the  hypothesis,  which  appears  to  me 
the  likeliest  on  the  manner  in  w  hich  the  two  sexes  concur  in  the 
production  of  the  new  being. 

CCV.    Thefcetuses  pre-exist  in  the  ovaria  of  the  females,  not 
that  they  are  there  since  the  creation  of  the  world,  as  Bonnet  be- 
lieved, and  all  who,  embraced  the  doctrine  of  that  metaphysical 
Naturalist :  but  the  ovaria  containing  his  germs  are  formed  by  the 
proper  action  of  the  ovarium  which  secretes  them,  a  fresh  proof 
that  all  the  phenomena  of  organized  bodies,  whether  for  the  preser- 
vation of  the  species  or  of  the  individual,  are  effected  in  the  way  of 
secretions.    This  ovum,  produced  by  the  elaboration  of  the  blood 
which  the  spermatic  vessels  carry  to  the  ovaria,  contains  the  linea- 
ments of  the  new  being:  but  it  is  only  the  sketch,  or  carcass  of  if , 
if  this  may  be  applied  to  what  has  not  yet  lived.    The  seminal 
fluid  must  bring  it  out  bf  this  state  of  inactivity,  and,  with  some- 
thing of  an  electrical  power,  waken  it  into  life.  The  eggs  laid  by  a 
jnaiden  hen,  will  never  hatch,  though  there  are  in  them  the  rudi- 
ments of  the  chick.    The  eggs  of  a  frog  that  has  been  kept 
apart  from  the  male,  during  the  whole  time  of  spawning,  putrefy 
in  the  vessel  of  water  they  are  kept  in  :  if  the  male,  on  the  contrary, 
if  sprinkled  with  his  semen,  as  they  quitted  her,  they  will  spce. 
dily  shew  some  developement  of  life.    Their  putrefaction  may  be 
prevented,  and  themselves  animated,  by  shedding  on  them  the  sper- 
matic fluid,  obtained  by  the  process  employed  by  Spallanzani, 
in  his  admirable  experiments  on  artificial  impregnation. 

It  is  especially  to  the  labours  of  this  able  observer,  that  we  owe 
■what  has  been  unveiled  of  the  mysfrry  of  generation,  and  of  the 
part  which  each  sex  bears  in  this  function.  It  is  almost  proved, 
that  the  male  co-operates  in  if,  only  by  supplying  the  vivifying 
principle  that  must  animate  the  individuals,  of  which  the  female 
furnishes  the  germs;  that  thus,  his  part  is  the  least  essential.  It 
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ii  not  so  ditUcult  as  may  be  imagined,  to  explain,  upon  this  sjstero, 
the  striking  resemblances  which  are  frequently  seen  between  fa- 
thers and  sons.  The  imperceptible  embryo  has,  at  most,  (he  con- 
sistency of  a  slightly  viscous  glue.  Such  a  body  must  be  exceed- 
ingly impressible,  and  these  men  of  the  male,  applied  to  its  surface, 
must  impress  on  it  powerful  modifications.  The  action  of  the  fluid 
ou  this  yet  tender  embryo  must  be  like  that  of  a  seal,  which 
stamps  on  the  soft  wax  its  own  image.  The  impression  is  the 
deeper,  the  resemblance  the  more  striking,  according  to  the  spirit 
and  energy  with  which  the  male  performed  the  act  of  reproduc- 
tion. 

The  seminal  fluid  may,  not  merely  act  on  the  surface  of  the  gela- 
tinous and  nearly  liquid  germ,  and  modify  it  externally ,  but  it  may 
penetrate  so  soft  a  substance,  and  impress  on  it  inward  changes. 
It  is  thus  that  we  are  able  to  explain,  not  only  hereditary  likeness, 
but  also  hereditary  diseases.  Nevertheless,  it  does  appear,  that  the 
interior  parts  are  derived  chiefly  from  the  female,  while  the  outward 
parts  are  especially  influenced  by  tlto  male;  for,  when  two  animals 
of  different  species  copulate,  their  mule,  resembles  the  sire  out- 
wardly, and  the  dam  within.  It  is  difficult  to  shew  good  reason 
for  the  want  of  the  gf  nerative  faculty  in  mules.  Why  are  their 
sexual  part";,  so  well  developed,  altogether  barren ? —  What  se- 
cret defect  frustrates  their  action  ?  And  why  do  certain  mules, 
among  birds,  propagate,  and  in  the-same  manner,  hybrid  plants^ 
which  are  real  mules,  and  not  quadrupeds  ? 

The  impregnation  of  the  ovum  is  effected  in  the  ovarium  itself, 
to  which  the  semen  is  conveyed,  as  has  been  said.^  The  ovum,  stir- 
red by  the  action  of  the  semen,  and  of  the  fallopian  tube,  detaches 
itself  from  the  organ  which  has  produced  it,  and  descends  into 
the  uterus,  by  the  peristaltic  contractions  of  the  fallopian  tube. 
This  canal  is  susceptible  of  a  retrograde  motion.  It  may  be  con- 
ceived, by  considering  that  having  stretched  itself,  by  a  real  erection 
to  convey  the  semen  to  the  ovarium,  it  must,  in  its  return  upon  it- 
self, cause  a  flow  of  the  fluid  its  cavity  coutains,  in  a  completely 
inverted  direction.  This  retrogade  motion,  as  Nisbet  observes, 
is  assisted  by  a  sort  of  collapse  succeeding  the  excitation  which 
coition  had  produced  :  for,  the  experiments  of  Darwin  prove  that 
the  weakness  of  the  vessels  is  the  cause  of  this  mode  of  action  in 
their  parietes.  Spungy  as  the  urethra  of  man,  the  fallopian  tube 
brings  back  the  ovum,  from  the  ovarium  to  the  uterus.  The  ex- 
tra uterine  flotations  afford  the  proof,  that  matters  are  carried  ou  in 
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the  manner  we  have  stated.    Since  fetuses  have  been  fount!  u, 
loped,  in  the  ovarium,  in  the  fallopian  tube,  and  even  in  the  ca- 
vity of  the  abdomen,  when  the  detached  ovum  has  escaped  from 
the  grasp  of  the  corpus  fimbria  turn,*  one  must  admit,  that  it  fol- 
lows the  course  which  has  been  described. 

The  ovaria,  like  the  testicles,  swell  and  enlarge,  at  the  time  of 
puberty.  They  shrink,  and  wither  in  some  sort,  when  the  wo- 
man is  no  longer  fit  for  conception.  On  examination,  a  few  daya 
after  conception,  one  of  the  ovaria,  larger  than  the  other,  shews 
a  little  yellowish  vesicle,  which  dries  up  in  the  course  of  pregnane 
cy,  so  that,  towards  the  end,  there  remains  nothing  in  place, 
but  a  very  small  cicatrix.  Is  this  vesicle,  (lie  outermost  covering 
of  the  ovum,  in  which  the  germ  is  enclosed,  and  which  is  loin  to 
allow  its  escape  ?  The  observations  of  Ifaller  prove  that  the  cor- 
pus luteum  is  formed  by  the  remains  of  a  vesicle  that  has  burst  at 
the  moment  of  conception,  and  allowed  the  fluid  it  contained  to  es- 
cape. In  a  ewe  opened  a  few  minutes  after  coition,  you  may  see, 
in  one  of  the  ovaria,  a  vesicle  larger  than  the  others,  torn  with 
a  little  wound,  ofwhich  the  lips  are  still  bloody.  Inflammation 
comes  on  in  the  torn  coats  of  the  small  vesicle,  fleshy  granula- 

*  In  extra  uterine  abdominal  conceptions,  the  ovnm  which  the  tube  could 
not  hold,  or  seize,  rolls  into  the  hypoplastic  region,  and  there  adheres  to  some 
point  of  the  peritoneum.  It  ia  found  attached  to  the  mesentery,  to  the  colon, 
to  the  rectum,  to  the  external  part  of  the  uterus,  growing  there,  and  developed, 
by  the  vascular  communication  which  takes  place  at  the  adhesion;  but  the 
vessels  of  the  peritoneum  are  insufficient  for  the  entire  developemer.t  of  the 
fcetns,  which  dies,  for  want  of  nourishment,  in  the  first  months  of  pregnancy. 
The  adhesion  of  the  ovum  to  the  peritoneum,  is  easily  accounted  for,  by  the 
irritation  it  occasions:  it  may  be  considered  as  a  foreign  body,  determining, 
by  its  presence,  inflammation  of  the  membrane,  with  which  it  lies  in  contact, 
and  uniting  with  it,  because  it  brings  to  this  act,  its  own  share  of  vitality.  It 
is  really  a  union  of  two  living  parts,  not  unlike  that  to  that  which  take*  place, 
between  the  bleeding  lips  of  a  wound,  between  the  pleura,  pulmonalis,  and  the 
pleura  cos  talis,  &c. 

But  as  the  serous  membranes  contain,  in  their  tissue,  capillaries  so  fine,  that 
■when  in  a  healthy  state,  the  blood  does  not  shew  its  colour  in  them,  their  vessels 
never  develope  themselves,  sufficiently  to  transmit  to  the  ovum,  which  has 
adhered  to  them,  a  due  supply  of  this  fluid.  The  mucous  membranes  re- 
ceiving more  blood,  are  able  to  supply  more  :  but  the  placenta  never  adheres 
to  them,  in  extra  uterine  conception.  'Die  memhrane  which  lines"  the  tube, 
belongs,  in  fact,  as  much  to  the  serous  as  to  the  mucous  membranes  ;  it  estab- 
lishes, as  is  well  known,  the  only  point  of  communication  there  is  between  iltf 
two  kinds  of  membranes. 
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tions  appear,  then  sink,  and  si  scar  shews  the  place  where  it  had 
been.  The  number  of  these  cicatrices  is  proportioned  to  that  of 
the  fietuses.  It  is  not  known  how  long  the  germ  detached  from 
the  ovarium  remains  within  the  fallopian  tube,  before  it  reaches  the 
cavity  of  the  uterus.  Valisnieri  anil  Haller  had  never  been  able  to 
perceive  it  distinctly  in  this  viscus,  before  the  seventeenth  day. 

The  obstruction  of  the  tubes  may,  as  well  as  the  defect  or  dis- 
eased affection  of  the  ovaria,  cause  barrenness.  Morgagni  speaks, 
on  this  head,  of  certain  courtezans  in  whom  the  tubes  were  entire- 
ly obliterated  by  the  thickening  of  their  parietes  ;  the  consequence, 
evidently,  of  the  habitual  orgasm  in  which  they  had  been  kept, 
by  too  frequent  excitation.  The  structure  of  these  parietes  must 
make  obstructions  of  the  fallopian  tubes  very  easy.  Their  tissue 
is  spungy,  vascular  and  seems  susceptible  of  erection,  like  the 
corpus  cavernosum  of  the  penis  and  of  the  clitoris.  Their  internal 
coat  (the  point  of  union  between  the  serous  membrane  which  lines 
the  abdomen,  and  the  mucous  membrane  within  the  uterus)  partakes 
in  the  inflammation  of  both.  I  have  often  been  consulted  by  young 
women  on  the  cause  of  their  sterility  ;  by  a  close  investigation  of 
the  causes  from  which  it  might  have  arisen,  I  have  always  found 
that  they  had  had,  at  different  periods  of  life,  inflammation  of  th2 
lower  part  of  the  abdomen.  A  young  woman,  after  obstinate 
suppression  of  the  menses,  exhibited  all  the  symtoms  of  inflamma- 
tion of  the  peritoneum:  a  year  afterwards  she  married,  but  never 
became  pregnant.  A  woman  recovered  from  puerperal  fever,  en- 
suing upon  a  very  difficult  lirst  labour;  from  that  time,  with  all 
the  appearances  of  the  stoutest  health,  she  has  never  been  again  a 
mother. 

l)(*  the  two  testicles  and  the  two  ovaria,  contain  the  separate 
germs  of  males  and  females?    Are  these,  as  has  been  guessed,  con- 
tained in  the  left  ovarium,  aud  males  in  the  right?  and  may  we 
pro-create  sexes  at  pleasures,  by  varying  the  attitude  of  copula, 
tiou  ?    This  old  opinion,  lately  revived,  besides  wanting  all  foun- 
dation, is  formally  confuted  by  facts:  nothing  is  more  common 
than  to  see  men  who  have,  from  some  accident,  lost  a  testicle, 
pro-creating  sexes  indifferently.    "Women,  with  an  ovarium  defi- 
cient, or  the  fallopian  tube  obliterated  on  one  side,  have  produced 
both  boys  aud  girls.    Dr.  Jadelot  has  presented  to  the  society  of 
the  School  of  Medicine,  in  Paris,  a  uterus,  wanting  the  right  tnl  e 
and  ovarium  :  and  nothing  indicated  that  they  had  ever  existed. 
O.i  inquiry  concerning  this  woman,  it  appeared  tb.it  she  had  been 


delivered  of  a  boy  and  (u0  g|ffS»  Hal'er  quotes'  similar  eavs. 
The  ennse,' then,  wliiclidc- termines  theses,  altogether  eludes  our  in- 
vestigation. Does  that  one  of  die  t\Vo,  whocxerts  most  energy  in 
the  act  of  coition,  impress  its  sex  on  the  offspring  ?  I  cannot  tell  ; 
but  I  think  I  have  observed  that  die  marriage  of  young  people, 
where  both  are  glowing  with  love  and  youth',  most  frequently  pro- 
duces da  ughters,  whilst  boys  are  ordinarily  the  consequence  of 

the  union  of  a  middle  aged,  or  elderly  man,  with  a  younger 

 jytittv)  'yio'w  h3en?  3f\i  r;jor!Y/  n;  9.nnx')\Tiin'\  nit  ii*rt  *i/k .  r      c.i.fi  ■»< 

woman. 

CCVr.  Systems  on  generation.  The  antique  system  of  the  mix. 
ture  of  the  semen  in  the  caufy  of  the  uterus,  set  forth  in  the  writ- 
ings of  Hippoerates  and  Galen,  is  slill  that  of  many  physiologists. 
In  this  system,  the  mixed  fluids  may  be  considered  as  an  extract 
from  all  parts  of  the  body,  male  or  female.  A  generative  faculty*" 
disposes  them  suitably  for  the  formation  of  the  new  individual. 
BulTen  has  further  particularised  the  facts  which  this  hypothesis 
requires,  and  displayed  its  improbability.  Each  part,  he  says, fur- 
nishes molecules,  which  he  calls  organic, and  these  molecules, com- 
ing from  the  eyes,  the  ears,  &c.  of  the  man  and  the  woman,  arrange 
themselves  round  an  internal  mould,  of  which  he  admits  the  ex- 
istence, which  mould  forms  the  baiis  of  the  edifice,  and  comes 
from  the  male  probably,  if  it  be  a  boy,  from  the  female,  if  a  girl. 
Reason  rejects  a  theory  which  gives  no  explanation  of  the  pro- 
duction of  the  placenta,  and  of  the  membranes  covering  the  foetus  : 
it  is  moreover  directly  disproved  by  the  good  conformation  of* 
children,  born  of  parents,  who  not  happening  to  have  certain 
organs  and  limbs,  could  not  certainly  supply  the  proper  molecules 
for  their  formation  in  the  child. 

The  system  of  the  ovarists,  which  at  this  time  stands  highest  in 
favour,  numbers  amongst  its  supporters,  Harvey,  Stenon,  Mal- 
pighi,  Valisnieri,  Duhamel,  Nuck,  Littre,  Swammerdam,  Ilaller, 
SpallaDzani,  Bonner,&c.  These  admit  the  distinction  of  animals  into 
oviparousand  viviparous, in  this  sense  only, that  these  last  hatch  w  ith- 
in, and  break  their  shell  before  they  are  brought  forth.  Lastly. Lee  u» 
wenhoek,  Hartsoeker,  Boerhaavc,  Mery,  "Werheyen,  Cowper,  <$:c 
have  added  to  the  opinion  of  the  ovarists,  that  the  seed  of  the  male 
contains  a  multitude  of  spermatic  animalcules,  all  capable  of  be- 
coming, by  developement,  beings  similar  to  their  father.  These 

*  All  (hat  Blumenbach  lias  said,  on  the  force  of  formation,  (nhusfonnath  u* ' 
»pi>lics  to  this  generative  faculty  s  it  is  onlj  a  new  name  given  to  cn  old  idea. 
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.iiiimaloules  push  forwards,  along  the  tubes,  upon  the  ovaria  :  there 
a  genual  engagement  takes  place,  in  which  all  are  slain,  save  only 
one,  who,  master,  *>f  the  field  of  battle,  funis  the  triumph  of  his 
victory  within  the  ovum  that  lias  been  prepared  for  him.  This 
system,  which  is  not  the  most  probable  in  the  world,  assigns  to  the 
male  the  greater  part  in  the  work  of  generation,  since  the  female 
is  made  to  furnish  merely  the  coverings  of  the  foetus. 

It  would  be  to  no  purpose  to  unfold,  more  at  largo,  opinions 
hazarded  on  a  subject  so  obscure.  AVhat  I  have  said  is  enough 
to  shew  that  those  parts  of  nature  which  most  obstinately  elude 
our  curiosity  and  afford  most  scope  to  our  imagination,  are  those 
which  men  believe  they  know  the  best,  and  on  which  they  speak 
with  most  confidence  and  prolixity  : — so  true  is  it,  as  Coudillac 
has  observed,  that  we  have  never  so  much  to  say,  as  when  we  set 
out  from  false  principles. 

CCV1I.  Of  gestation.  From  the  moment  of  conception, 
there  begins  in  woman,  both  in  the  motion  of  the  solids,  and  the 
composition  of  the  fluids,  a  remarkable  alteration.  The  change 
that  has  taken  place  shews  itself  in  all  her  functions  :  she  exhales  a 
peculiar  odour;  the  child  she  suckles  refuses  the  breast,  or  takes 
it  with  reluctance,  and  soon  falls  away,  if  left  in  the  hands  of  such 
a  nurse. 

Nature,  occupied  o\er  her  work,  seems  fo#forget  everything 
else,  to  bring  it  to  perfection.  It  has  been  observed,  that  in 
times  of  coutagious  diseases,  even  where  the  plague  raged,  preg- 
nant women  were  least  exposed  to  infection  :  but,  at  the  same  time, 
when  they  are  seized  with  affections,  which  in  other  persons  or  at 
another  season,  would  be  without  danger,  they  sink  under  them, 
because  these  diseases,  though  at  first  very  slight,  easily  put  on  a 
malignaut  character.  The  progress  of  mortal  diseases  is  retard- 
ed:  a  phthisical  woman,  and  who  has  only  a  few  months  to  live, 
shall  prolong  her  life  through  the  whole  term  of  gestation.  The 
consolidation  of  fractures  is  nothing  slower,  though  Fabricius, 
Jlildanus,  pretends  that  the  stale  of  pregnancy  puts  a  complete 
stop  to  it. 

I  have  never  been  able  to  find  any  difference  in  the  time  of  for. 
mation  of  callus,  between  pregnant  women  and  others.  M. 
Boyer  avows  the  same  opiuion.*    Among  the  authors  who  have 

»  Leeotn  de  M.  Boyer,  sur  le»  M:t'ani*3  des  os,  rcdigecsen  un  Traite  coin* 
plet  dc  ccj  Maladicj,  par  A.  Kichera»>d,  UioU  tjvo. 
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assorted  that  fractures  could  not  consolidate  during  pregnancy, 
some  have  conjectured  that  this  depends  on  Nature,  who  is  busy 
in  directing  the  humours  to  the  uterus,  forgetting,  in  some  sort, 
e*erj  other  fnnction,  and  omitting  to  institute  the  process  neces- 
sary to  the  cure.    But  as  we  shall  see,  whatever  may  be  the  im- 
portance of  the  uterus,  charged,  during  pregnancy,  with  the  fruit 
of  conception,  the  fcetus  is  merely  an  organ  added  to  the  organs  of 
the  mother,  and  assimilating  to  itself  the  juices  it  receives  from  the 
uterine  vessels.    It  does  not  hinder  the  other  parts  from  getting 
tliei'r  nourishment ;  they  all  go  on  living,  and  separating  to  them- 
selves the  juices  their  existence  or  their  functions  require.  Haller 
ascribes  the  difficulty  with  which  the  broken  ends  unite,  in  preg- 
nant women,  to  the  great  quantity  of  earthy  matter  which  the 
foetus  draws  off  from  the  mother.    This  opinion  will  not  stand  : 
for,  as  1  have  shewn  in  my  preliminary  discourse,  the  phosphate  of 
lime  has  but  little  to  do  in  the  work,  of  re-union,  w  hich  chiefly 
goe5  on  by  changes  in  that  part  of  the  bone  which  is  really  orga- 
nic.    Besides,  this  hypothesis  would  imply  that  consolidation 
were  as  difficult  in  nurs;  s, whose  milk  (tarries  off  a  large  quantity  of 
phosphate  of  lime.  Yet  it  has  not  been  observed  that  the  formation 
of  callus  is  more  difficult  during  suckling.    Lastly,  on  this,  as  on 
all  occasions,  experience  is  more  effectual  than  reasoning  :  now, 
experience  shews,  tkat  the  time  required  for  the  formation  of  callus, 
in  pregnant  women,  is  not  sensibly  longer  than  in  their  ordinary 
state. 

Meanwhile,  the  uterus,  imbued  with  prolific  fluid,  swells,  to 
availmyself  of  the  expression  of  a  modem,  like  a  lip  stung  by  a 
bee:  it  becomes  a  centre  of  fluxion  towards  which  the  humours 
tend  from  all  quarters.  The  diameter  of  its  vessels  increases  with 
the  thickness  of  its  parietes:  these  soften,  and  their  muscular  na- 
ture becomes  more  marked.  Till  the  end  of  the  third  month,  the 
only  appearance  of  pregnancy  is  in  the  suspension  of  menstruation  ; 
the  uterus,  of  which  the  cervix  has  yet  undergone  no  change,  has 
concentrated  itself  behind  the  pubis,  but  very  soon  it  rises  above 
the  upper  outlet  of  the  pelvis,  pushing  upwards  the  intestines  and 
the  rest  of  the  abdominal  viscera.  Towards  the  end  of  pregnancy, 
if.  rises  above  the  umbilicus,  its  fundus  comes  in  contact  with  th« 
arch  of  the  colon,  and  reaches  sometimfs  to  the  epigastiic  region. 
The  compression  it  exerts  on  the  organs  of  digestion,  explaius 
the  loathings,  and  the  nausea  which  belong  to  the  state  of  preg- 
nancy.   The  derangement  of  sensibility,  by  the  affection  of  th 
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«reat  sympathetic?,  accounts  equally  for  those  depraved  tastc<, 
those  fantastic  appetites,  which  the  ignorant  think  it  so  im- 
portant to  gratify.  When  the  term  of  pregnancy  draws  near,  res-, 
piration  is  oppressed,  the  diaphragm  forced  upward  by  the  abdo- 
minal viscera,  descends  with  difficulty;  accordingly,  Nature  has, 
as  much  as  possible,  delayed  this  moment  of  oppression,  by  giving 
the  lower  part  of  the  abdomen  a  great  capacity,  at  the  expence  of 
the  chest,  which,  in  woman,  is  much  shorter  than  in  men. 

If  the  growth  of  the  foetus,  its  size,  the  quantity  of  liquor  amnii, 
the  developcment  of  the  uterus,  were  always  the  same,  we  might 
settle  the  height  to  which  this  last  organ  must  rise,  at  each  stage  of 
pregnancy ;  but  these  conditions  vary  so  much,  in  every  individual, 
that  the  terms  one  might  assign  would  suit  but  a  small  number: 
let  it  suthce  to  have  spoken  of  the  extremes.  The  uterus  feuds  to 
ri^e  directly  upwards:  while  enclosed  within  the  pelvis,  it  pre- 
serves this  direction;  but,  as  soon  as  it  has  passed  the  upper  ou.let 
of  the  pelvis,  it  is  no  longer  supported,  and  inclines  forwards,  back, 
wards,  or  to  the  sides.  The'se  inclinations,  if  they  go  a  certain 
length,  constitute  those  vices  of  situation  which  accoucheurs  call 
obliquities  of  the  uterus.  Their  direction  is  determined  by  the 
disposition  of  the  parts:  accordingly,  they  almost  always  lie  for- 
wards :  either  because  the  upper  outlet  of  the  pelvis  is  naturally  so 
inclined,  and  forms,  with  the  horizon  an  angle  of  15  degrees,  or  be- 
cause the  lumbar  column,  being  convex,  pushes  the  uterus,  which 
cannot  depress  it,  upon  the  anterior  paries,  which  yields  the  easier, 
the  more  frequent  pregnancy  has  been. 

The  dilatatiou  of  the  uterus  is  not  the  effect  of  a  simple  disten- 
tion of  its  parietes,  since  these,  far  from  stretching  thinner,  as  the 
viscus  grows  in  size,  thicken  progressively,  on  the  contrary,  by 
the  dilatation  of  vessels  of  all  sorts  and  the  afflux  of  humours.  In 
this  sort  of  vegetation,  the  uterus  is  really  active,  and  does  not 
give  way  to  any  efforts  of  the  fcetus.  The  cervix  of  this  viscus, 
which  from  its  greater  consistency,  had  at  first  resisted  dilatation, 
ends  by  yielding  to  the  efforts  of  the  fibres  of  the  fundus,  on  the 
edges  of  the  os  tineas ;  the  edges  of  that  opening  ate  attenuated, 
the  cervix  effaced,  the  orifice  enlarges,  and  you  may  feel  through 
its  parietes,  the  foetus  plunged  in  the  waters  which  its  membranes 
contain. 

Towards  the  term  of  gestation,  (he  discharge  of  urine  is  more 
frequent,  because  the  bladder,  under  compression,  cannot  contain 
it  in  any  quantity  r  the  lower  extremities  are  cedematous;  the 
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wns  of  the  legs  varicose:  women  are  also  more  exposed  to  hemo- 
rrhoids; and  these  effects  depend  on  the  compression  of  the  ves- 
sels, which  bring  back  the  blood  and  the  lymph  of  the  inferior  parts, 
as  the  cramps,  to  which  pregnant  women  are  subject,  depend  on 
that,  of  the  sacral  nerves.  The  groins  are  alike  painful,  and  there 
are  felt,  in  (hem,  twitchings  which  must  be  ascribed  to  congestion  in 
the  round  ligaments  of  the  uterus.  Lastly,  the  skin  of  the  anterior 
paries  of  the  lower  part  of  the  abdomen,  distende  d  beyond  mea- 
sure, cracks,  when  that  of  the  neighbouring  parts  has  yielded  as 
much  as  it  could. 

Before  explaining  how  the  uterus  expels  the  fcetus  and  its  cover- 
ings, at  the  term  of  gestation,  let  us  consider,  a  little,  this  fruit  of 
conception:  let  us  study  its  developemeut,  let  us  examiuc  the  na. 
ture  of  the  relations  which  it  holds  with  its  mother. 

CCVTII.    History  of  the  fcetus  audits  coverings. — The  inte- 
rior of  the  uterus,  for  a  short  period  after  the  instant  of  concep- 
tion, shews  nothing  that  leads  to  a  knowledge  of  the  existence  of 
its  product.    But,  at  the  end  of  a  few  days,  there  appears  a  mem- 
branous transparent  vesicle,  filled  with  a  liquid  trembling  jelly  ; 
discovering  no  trace  of  organization  and  life.    But  the  little  ovum 
begins  to  grow,-  parts  of  the  gelatinous  fluid,  assume  more  consis- 
tence, Iosiug,  at  the  same  time,  their  transparency  :  one  may  then 
distinguish  the  first  rudiments  of  parts,  an  imperfect  appearance  of 
the  head,  trunk,  and  limbs.    The  small  ovum,  free  at  first  in  the 
parity  of  the  uterus,  contracts  adhesions  to  this  viscus  :  its  whole 
exterior  surface  becomes  shaggy,  and  this  sort  of  vegetation  is  no 
where  more  marked,  than  in  the  situation  to  be  occupied  by  the 
placenta.  Meantime,  towards  the  seventeenth  day,  the  parts  which 
shewed  merely  a  homogeneous  semi. transparent  mass,  discover  a 
more  determinate  structure.  A  red  point  appears  in  (he  spot  of  the 
heart,  it  is  the  heart  itself,  distinguishable  by  the  pulsations  of  its 
cavities,  and  the  motions  of  the  molecules  of  the  red  liquid  that  fills 
them.    Because  the  heart  is  the  punctum  saliens,  it  is  not  therefore 
to  be  concluded  that  it  is  the  prifhum  vivens.    All  our  parts  are 
formed  together,  all  are  coeval,  as  Charles  Bonnet  has  said;  only 
they  discover  themselves  earlier  or  later  to  (he  eye  of  the  observer, 
according  as  the  nature  of  their  organization  is  adapted  to  the  re- 
flexion of  light.    Were  we  to  admit  a  successive  order  in  the  for- 
mation of  our  organs,  the  brain  and  the  nervous  system  might 
exist  before  the  heart,  without  being  pciceptiblc  from  their  trans- 
parency. 
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Meanwhile,  red  lines,  setting  off  from  the  heart,  sketch  ih* 
course  of  the  larger  vessels,  and  seem  agitated,  by  the  action  of 
these  tubes,  whoso  parietes  arc  still  semi-transparent.    As  the 
blood,  or  rather  its  red  part,  extends  from,  the  centre  to  the  cir- 
cumference, the  forms  become  more  determinate,  the  parts  unfold 
and  grow  rapidly:  points  quite  opako,  are  seen,  and:  the  form  of 
the  fcetus  may  be  distinguished:    Bent  upon  itself,  the  fcetus  is 
not  unlike  a  French  bean,  suspended  by  the  umbilical  cord,  which, 
as  I  shall  mention  bye  and  bye,  formed  with  the  foetus  and  its  co- 
verings, proceeds  in  growth  with  them  :  it  swims  amidst  the  liquor 
amnii,  changes  its  positiou  the  more  easily,  as  the  space,  in  which 
it  is  enclosed,  is  greater,  compared  to  its  size.    As  it  grows,  it 
stretches  out  a  little,  without  ceasing  however  to  retain  its  bent 
posture  (CLXV) :  the  head  composes  the  greater  part  of  its  body  ? 
the  upper  limbs,  like  little  buds,  pullulate  first,  then  the  lower 
limbs:  the  feet  and  the  hands  appear  immediately  attached  to  the 
trunk;  the  fingers  and  toes  shew  .themselves  like  little  papilla;. 
Of  all  the  organs  of  sense,  the  eyes  are  .the  first  apparent:  they 
are  discernible,  as  two  little  black  spots,  by  the  end  of  the  first 
month ;  the  eyelids  are  produced  and  cover  them.    The  mouth,  at 
Srst  gaping,' closes  by  the  drawing,  together  of  the  lips,  towards 
(he  end  of  the  third  month.    During  the  fourth,  a  reddish  coloured 
fat  begins  to  be  deposited  in  the  cells  of  the  mucous  tissue,  and  the 
muscles  already  exert  some  action.    The  growth  is  ever  more  ra* 
pid,  as  the  fcetus  draws  nearer  to.  its  birth.    It  is  impossible  to 
assign  the  weight  and  the  length  of  the  fcetus,  at  the  different  stages 
of  pregnane}',  since  the  time  of  conception  is  never  very  certain, 
and  further,  the  progress  of  growth  varying  much,  one  fcetus  at  six 
months  shall  be  as  large  as  another  at  the  full  term.  Neverthe- 
less, at  the  time  of  birth,  the  body  is  commonly  IS  inches  long, 
and  weighs  from  seven  to  eight  pounds. 

The  secretion  of  bile,  like,  that  of  the  fat,  seems  to  begin, 
towards  the  middle  of  gestation,  and  tinges  the  meconium  yellow, 
a  mucus  previously  colourless,  which  fills  the  digestive  tube:  a 
little  while  after,  the  hairs  grow,  the  nails  are  formed  about  the 
'Ixth  or  seventh  month;  a  very  thm  membrane,  which  closed  the 
pupil,  tear*,  by  what  mechanism  is  unknown,  and  the  pupil  is 
s*en.  The  kidneys,  at  first  manifold,  that  is  to  say,  formed  each 
of  from  17  to  18  separate  glandular  lobules,  unite,  and  form,  on 
each  side,  a  single  viscus.  Lastly,  the  testicles,  placed  at  first, 
it  the  side  of  the  lumbar  column,  and  aorta,  near  the  origin  of 
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the  spermatic  arteries  and  veins,  then  carried  along  the  iliac  tM- 
sels  to  the  inguinal  rings,  directed  by  a  cellular  cord,  which  Jlun- 
ter  calls  the  (gubeniuculitm  testis,)  clear  this  opening,  carrying 
along  with  them  the  portion  of  the  peritoneum  which  is  to  form 
their  tunica  vaginalis. 

This  covering  of  the  testicles,  furnished  by  the  peritoneum,  not 
only  covers  these  organs,  and  is  reflected  again  o\er  them,  but 
also  rises,  in  adults,  about  half  an  inch  high,  along  the  lower  part 
of  the  spermatic  cord.  If  it  do  not  reach,  it  is  said,  to  the  ingui- 
nal ring,  it  is  because  the  whole  portion  which,  after  birth,  ex- 
tended from  this  opening  to  near  the  testicle,  has  been  decomposed, 
and  is  reduced  to  cellular  tissue.  Upon  reflecting  on  the  causes 
of  the  spontaneous  decomposition  of  a  portion  of  this  peritoneal 
prolongation,  it  occurred  to  me,  that  nothing  was  less  proved, 
or  more  improbable;  in  fact,  in  earliest  life,  the  testicles,  which 
have  passed  out  from  the  abdomen,  by  the  inguinal  rings,  are  very 
little  removed  from  this  opening.  The  portion  of  tunica  vaginalis, 
which  is  carried  on  upon  the  cord  of  the  spermatic  vessels,  rises 
up  to  the  riug,  and  even  extends  beyond  ;  communicating  with  the 
peritoneum,  as  is  sometimes  seen  in  congenital  bubonocele.  It  is 
only  in  the  progress  of  life,  that  the  testicles  descend  into  the  scro- 
tum, still  departing  from  the  opening  which  gave  them  passage:  so 
that,  in  adults,  the  prolongation,  which  at  first  covered  the  w  hole 
cord;  which,  just  after  birth,  was  not  more  than  a  few  lines  long, 
is  found  to  cover  ouly  its  lower  part,  when  it  is  lengthened  some 
inches,  without  any  necessity  of  decomposition;  a  phenomenon, 
which  it  is  as  difficult  to  conceive  as  to  explain.  This  opinion, 
suggested,  for  the  first  time,  in  the  first  edition  of  this  work,  is 
now  almost  universally  received. 

C'CIX.  Of  the  circulation  in  the  fwtus.  The  principal  differ- 
ence that  is  found  between  the  foetus  and  the  new-born  child,  be- 
.Mcles  the  inactivity  of  the  senses,  and  the  repose  of  the  muscles 
btibject  to  volition,  lies  in  the  manner  in  which  the  circulation  is 
carried  on.  Too  feeble  to  assimilate  to  its  own  substance  foreign 
substances,  the  foetus  receives  from  its  mother  aliments  ready 
prepared.  The  arteries  of  the  uterus  receive  a  large  supply  of 
Idood;  this  is  not  all  employed  for  the  nourishment  of  the  organ 
itself,  b'lt  passes,  in  great  part, from  the  mother  to  the  child,  being 
poured,  by  the  uteriue  vessels,  into  the  cells  of  a  spu;'.gy  substauce, 
i-.dheiiug  on  one  side  to  the  uterus,  and  on  the  other  to  the  ovum 
which  contains  tl.efu.tua. 
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This  cellulo.vascular  body,  known  under  the  name  of  placenta,  is? 
as  well  as  the  coverings  of  the  fcetus  and  the  fetus  itself,  a  product 
of  the  act  of  generation.  Though  it  adheres  commonly  to  the  fundus 
of  the  uterus,  it  may  adhere  to  any  other  point  of  its  parietes ;  some- 
times, even,  it  is  placed  on  its  orifice,  a  circumstance  which  always 
makes  delivery  difficult.  The  side  by  which  it  is  united  to  the 
internal  face  of  the  uterus,  is  uneven,  covered  with  mammillary  pro- 
jections {cotyledons J,  which  are  sunk  in  corresponding  cells  of  the 
parietes  of  the  uterus,  the  internal  surface  of  which,  loses,  as 
it  developes  itself,  the  smoothness  which  it  had  while  empty,  is 
furrowed  with  depressions  destined  to  receive  the  placenta,  and 
studded  with  projections  which  penetrate  into  the  cells  of  the 
latter. 

The  uterine  arteries,  and  perhaps  likewise  the  absorbents  which 
are  so  large  and  uumerous  in  the  gravid  uterus,  that  Cruickshank, 
who  succeeded  in  injecting  them,  compares  them  to  quills,  throw 
out,  on  the  surface  of  the  placenta,  and  within  its  spungy  tissue, 
the  arterial  blood  of  the  mother  ;  according  to  some,  these  vessels 
exhale  only  the  serous  part  of  the  blood,  and  according  to  others? 
a  chylous,  lymphatic,  whitish,  or  milky  substance.*  These  fluids, 
effused  within  the  cells  of  the  placenta,  are  absorbed  by  the  nume- 
rous minute  divisions  of  the  umbilical  vein,  which,  by  their  union, 
form  the  trunk  of  this  vessel. 

The  umhilical  vein,  arising  from  the  interior  of  the  placenta, 
by  numerous  branches,  detaches  itself  from  it  and  goes  towards 

*  A.  German  physician,  Schreger,  lias  suggested  a  very  ingenious  opinion  on 
Jhe  mode  of  circulation,  between  the  mother  and  child.  He  believes  that  the 
uterine  arteries  pour  out  nothing  but  serum,  into  the  cells  of  the  placenta. 
This  strain  is  absorbed,  by  the  lymphatics,  whose  existence  he  infers  from  ana. 
logy,  in  this  organ  and  in  the  umbilical  cord,  in  which,  however,  no  one  has 
^••t  succeeded  iu  injecting  them.  These  vessels  convey  it  to  the  thoracic  duct, 
whence  it  is  poured  into  the  left  subclavian  vein  and,  at  la<it,  reaches  the  heart 
which  sends  it  along  the  aorta.  It  returns  to  the  placenta  by  the  umbilical 
arteries,  after  bfing  converted  into  blood,  by  'he  action  of  the  organs  of  the 
fnetus.  This  scrosity,  after  undergoing  the  process  of  sanguification,  returns  {U 
the  faMiis  by  the  umhilical  vein,  and  following  the  well  known  course  of  the 
ftEtal  circulation,  is  subservient  to  the  nourishment  of  its  organs.  The  branches 
of  the  umbilical  arteries  and  vein,  ramified  in  the  placenta  and  communicating 
together  in  this  spungy  tissue,  reject  through  their  lateral  pores  that  which  can 
no  longer  ierve  to  the  maintenance  of  the  ficlus.  This  residue  of  nutrition,  de- 
pnHfld  in  the  cells  of  the  placenta,  is  absorbed  by  the  lymphatics  of  the  uterust 
which  carry  it  back  into  the  mass  of  the  llui.U  of  the  wolher.    Nut  to  meutiou 
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the  umbilicus  of  the  child,  enters  his  body,  at  that  aperfor-, 
ascent's,  in  a  fold  of  the  peritoneum,  behind  the  recti  muscles,  to 
the  anterior  extremity  of  the  sulcus  of  (he  liver,  goes  along  the 
anterior  half  of  this  fissure,  sending  a  number  of  branches  to  the 
lobes  of  that  viscus,  especially  to  the  left  lobe.  On  reaching 
the  right  extremity  of  the  transverse  fissure,  where  this  last 
meets  the  antero-posterior,  it  unites,  in  part,  w  ith  the  sinus  of  the 
vena  porta?  hepatica,  while  the  remainder  of  the  vessel,  called 
ductus  venosus,  follows  the  o;  iginul  direction,  and  opens  into  the 
ascending  or  inferior  vena  c:\va,  very  near  to  the  spot  where 
this  vein  pours  its  contents  into  the  right  auricle  of  the  heart. 

CCX.  The  arterial  blood  which  flows  along  the  umbilical  vein, 
acquires  the  properties  of  venous  blood,  and  combines  with  hydro- 
gen and  carbon,  and  parts  with  its  vivifying  qualities,  in  flowing 
along  the  vessels  of  the  mother  and  the  tortuous  vessels  of  the  pla- 
centa. It  parts  with  these  principles,  and  again  becomes  vivified, 
by  circulating  through  the  liver  which,  at  this  period  of  life, 
fulfils  the  function  which,  after  birth,  is  committed  to  the 
lungs.  Hence  the  liver  and  brain  form  the  greatest  part  of  the 
weight  of  a  new  born  child.  The  former  alone  occupies  the 
greatest  part  of  the  abdomen.  It  acquires  this  bulk,  by  assimilat- 
ing to  itself,  the  hydrogen  and  carbon  of  the  umbilical  blood.  Its 
substance  is  adipose,  oily,  and  contains  these  two  principles,  in  a 
considerable  proportion.  The  secretion  of  the  bile  and  that  of  the 
fet,  the  only  secretions  that  are  manifestly  carried  on  in  the  fcetus, 
may  besides  supply,  very  well,  the  want  of  respiration. 

The  blood  conveyed  by  the  umbilical  vein  into  the  lower  vena 
cava,  and  deposited  by  that  vein  into  the  right  auricle,  does  not 
unite  with  that  which  is  brought  by  the  descending  cava,  from  the 
upper  parts,  for,  as  was  observed  elsewhere,  the  orifices  of  these 
two  vessels  not  being  directly  opposed  to  each  other,  the  columns 
» 

the  impossibility  of  demonstrating  the  presence  of  lymphatics,  in  the  placenta, 
or. in  the  umbilical  cord,  Schreger's  hypothesis  is  attended  with  two  objections. 
How  does  the  nutritious  fluid,  coming  from  the  mothernnd  sent  along  the  aorta 
of  the  foetus  to  every  part  of  its  body,  return  to  the  placenta,  to  be  brought 
back  again  by  the  umbilical  vein?  Absorption  scarcely  goes  on  in  the  foetus; 
the  unctuous  substance  w  ith  which  the  body  of  the  foetus  is  covered,  prevents 
that  fQnction  from  taking  place  on  the  surface  of  (he  body.  It  goes  on, with  veiy 
little  more  activity,  within  the  body;  the  excrcmentitious  secrciions  scarcely 
exift  before  birth;  whatever  is  conveyed  to  the  foetus  is  employed  in  the  deve- 
lopement  of  its  organs ;  hence  itj  growth  is  so  rapid. 
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of  blond  which  How  in  them  do  not  meet  each  other.    That  which 
j>  drought  by  (he  lower  cava,  passes  through  the  foramen  ovale, 
towards  which  the  mouth  of  that  vessel  is  turned;  it  passes  into 
the  left  auricle,  thence  into  the  loft  ventricle,  without  circulating 
through  U:l-  luiijj-i,  w  hich  containing  no  air  and  being  dense  and  in- 
durated, could  not  have  received  it;  the  contractions  of  the  left 
ventricle  >end  it  into  the  aorta,  the  force  of  its  impetus  is  broken, 
by  striking  against  the  great  arch  of  this  artery.  It  enters  into  the 
vessels  which  arise  from  it,  and  these  convey  it  directly  to  the 
brain  and  upper  parts.    This  blood  is  the  most  pure,  the  most 
oxygenated,  and  that  w  hich  comes  most  immediately  from  the  pla- 
centa ;  it  has  not  yet  circulated  in  the  body  of  the  foetus,  with 
the  exception  of  a  very  small  quantity  brought  from  the  pelvis  and 
lower  parts,  for,  the  blood  which  comes  from  the  abdominal  vis* 
cera,  is  purified  in  passing  through  the  liver.    The  other  parts  of 
the  body  receive,  on  the  contrary,  blood  very  imperfectly  oxyge- 
nated, since  the  very  inconsiderable  quantity  which  the  contiac- 
tions  of  the  left  ventricle  and  of  the  aorta  have  not  been  able  to  send 
into  the  vessels  arising  from  the  arch  of  this  vessel,  mixes  with  the 
venous  blood  which  is  brought  by  the  ductus  arteriosus,  immedi- 
ately below  this  curvature.   Hence  the  growth,  which  is  always  re- 
lative, not  only  in  respect  to  the  quantity,  but  likewise  to  the  vivi- 
fv  ing  qualities  of  arterial  blood,  is  much  more  rapid,  before  birth, 
iu  the  upper  parts,  so  that  the  brain  alone  constitutes  the  greatest 
part  of  the  body,  and  the  shoulders,  the  chest  and  the  upper  extre- 
mities are  developed,  in  a  much  greater  degree  than  the  abdomen, 
and  especially  than  the  pelvis  and.  lower  extremities. 

The  blood  which  is  brought  by  the  descending  cava,  from  the 
upper  parts  of  the  body  of  the  ftetus,  passes  into  the  right  ven- 
tricle which  forces  it  into  the  pulmonary  artery  ;  this  vessel  sends 
only  two  small  branches  to  the  lungs,  and  terminates,  by  a  vessel 
called  the  ductus  arteriosus,  into  the  aorta,  immediately  below 
the  origin  of  the  left  subclavian  artery.    The  aorta,  at  its  origin, 
is  therefore  filled  with  arterial  blood,  sent  towards  the  upper  parts 
of  the  body,  by  the  contraction  of  the  left  ventricle,  while  the 
remainder  of  this  artery  contains  venous  blood,  which  is  expelled 
by  the  combined  action  of  both  ventricles. 

It  is  impossible,  in  this  arrangement,  not  to  recognize  an  evident 
design.  In  fact,  if  the  whole  force  of  the  heart  had  been  exerted 
to  send  the  blood  towards  the  brain,  the  delicate  texture  of  this 
HfCM  would  hare  been  injured  by  it ;  the  combined  action  of  the 
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two  ventricles  was,  on  the  contrary,  required,  to  enable  the 
blood  to  circulate,  along  the  exteusive  and  tortuous  channels  of 
the  umbilical  cord  and  placenta.  The  aorta,  on  reaching  the 
body  of  the  fourth  or  filth  lumbar  vertebra,  divides  into  the  two 
umbilical  arteries;  these  send  to  the  pelvis  and  to  the  lower  parts, 
only  very  insignificant  branches,  which  convey  blood  that  con- 
tains  a  very  small  quantity  of  oxygen  ;  they  then  bend  along  the 
s  des  of  the  bladder,  incline  inwards,  approach  towards  the  ura- 
chus,  pass  out  of  the  abdomen,  at  the  umbilicus,  and  joining  the 
umbilical  vein  which  had  entend,  through  the'sanie  opening,  into 
the  body  of  the  foetus,  form  with  it,  the  umbilical  cord. 

CCXf.  The  length  of  the  umbilical  cord,  measured  from  the 
umbilicus  to  the  placenta,  is  from  twenty  to  twenty-four  iuches. 
It  may  be  not  above  six  inches  long,  or  may  greatly  exceed  that 
length,  as  is  proved  by  a  case  of  JVI.  Baudelocque,  in  which  the 
■  umbilical  cord  was  fifty-seven  iuches  in  length,  and  passed  seven 
times  round  the  child's  neck,  which  circumstance,  by  the  way, 
shews  that  the  foetus  moves  in  its  mother's  womb.  Of  the  three 
vessels  which  form  the  umbilical  cord,  two,  which  are  the  smallest, 
have  an  arterial  structure,  though  they  convey  blood  that  is  truly 
venous,  while  the  umbilical  vein  carries  arterial  blood  to  the 
foetus.  The  umbilical  arteries,  on  reaching  the  placenta,  divide 
and  are  lost  in  its  substance,  in  a  multitude  of  vessels  whose  extre- 
mities  deposit,  into  the  areola:  of  its  tissue,  the  blood  coming  from 
the  feet  us,  and  which  is  to  be  returned  to  the  mother.  Does  the 
course  of  injection,  from  the  umbilical  vein  into  the  arteries,  prove 
that  there  exists  an  anastomosis  between  the  extremities  of  these 
\essels  ? 

The  foetus  is  connected  to  the  mother,  by  the  umbilical  cord  and 
placenta  ;  the  veins,  or  the  lymphatics  of  the  uterus,  and  perhaps 
both  these  sets  of  vessels,  take  up,  in  the  spungy  tissue  of  the  pla- 
centa, the  blood  that  has  been  employed  in  the  nutrition  of  the 
foetus,  and  return  it  to  the  mother,  that,  after  undergoing  a  change  by 
the  action  of  her  organs,  and  especially  by  that  of  the  atmospheri- 
cal air,  by  means  of  the  pulmonary  circulation,  it  may  become  fit 
for  the  nou  rishmcnt  of  the  foetus.  Whether  we  inject  the  uterine 
vessels,  or  whether  we  force  the  wax  along  the  umbilical  vein,  it 
never  fills  but  a  part  of  the  placenta,  w  hich  has  led  to  the  division 
of  this  substance  into  two  parts,  the  one  belonging  to  the  mother, 
which  has  been  called  uterine,  the  other,  culled  the  fa-tal  portion, 
which  forms  a  part  of  the  umbilical  cord. 
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The  vessels  of  the  mother  do  not,  therefore,  anastomose  wifll 
those  of  the  foetus  within  the  placenta,  the  circulation  is  not  con- 
tinued from  the  one  to  the  other.  If  the  communication  were  im- 
mediate, the  beats  of  the  pulse  of  the  child,  ought  to  be  simultane- 
ous w  ith  those  of  the  mother,  whereas  they  are  much  more  fre- 
quent, as  may  be  observed,  at  the  time  of  birth,  before  the  divi- 
sion of  the  umbilical  cord.  If  the  veins  of  a  bitch,  ready  to  w  help, 
are  opened,  the  auimal  dies  of  hemorrhage,  and  her  body  remains 
bloodless.  The  placenta,  however,  is  empty,  only  in  the  part  that 
adheres  to  the  uterus,  the  rest  of  the  placenta,  as  well  as  the 
fcetus,  are  filled  with  blood,  as  usual.  It  is  obvious,  that  if  the 
vessels  of  the  uterus  had  been  directly  continuous  with  those  of 
the  placenta,  delivery  would  not  have  taken  place,  without  their 
being  torn,  alarming  hemorrhage,  inflammation,  and  even  suppur- 
ation of  the  uterus  would  have  been  the  consequence.  Lastly,  the 
force  with  which  the  heart  and  arteries  of  the  mother,  impel  the 
blood  alons;  her  vessels,  would  have  been  attended  with  danger  to 
the  organs  of  the  fcetus,  which  are  too  soft  to  sustain,  without 
injury,  so  violent  a  shock.  Though  the  placenta  and  the  uoi uili- 
cal  cord  form  the  bond  of  union  between  the  fcetus  and  the  mo- 
ther, it  must  be  confessed,  that  they  belong  chiefly  ;o  the  former, 
and  may  be  considered  as  a  continuation  of  its  body. 

CCXIi.  The  existence  of  the  fcetus  is  solely  vegetative;  he  is 
continually  drawing  from  the  juices,  which  the  vessels  of  the  mo- 
ther send  to  the  placenta,  what  is  to  serve  to  his  nourishment 
aad  growth.  lie  may  be  considered  as  a  new  organ,  the  product 
of  conception,  participating  in  general  life,  but  having  a  peculiar 
life,  and,  to  a  certain  degree,  independent  of  that  of  the  mother.. 
Bent  on  himself,  so  as  to  occupy  the  least  possible  space,  he  can- 
not be  considered  as  asleep;  for,  not  only  are  the  organs  of  sense 
and  of  motion  in  a  perfectly  quiescent  state,  but  besides,  several 
of  the  functions  of  assimilation  are  inactive,  as  digestion,  respira- 
tion, and  mo.-t  of  the  secretions.  The  fcetus  performs,  in  the  midst 
of  the  liquor  ammi,  spontaneous  motions,  which  accoucheurs  rec- 
kon among  the  signs  of  pregnancy.  The  existence  of  these  pheno- 
mena has  been  denied,  and  the  displacement  of  ihe  foetus  has  been 
a-cribed  to  a  mere  shaking  of  (he  body  ;  this  was  asserted  on  the 
gnMod  of  the  intimate  connexion  between  respiration  and  muscu- 
lar motion.  It  was  said,  that  the  blood  of  the  fcetus,  not  being 
impregnated  with  oxygen,  in  its  pa^a^e  through  the  lungs,  con- 
tractility would  not  exist.    But  besides  that  a  fact  may  be  cer- 
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^in,  without  being  easily  explained,  it  may  be  answered,  that 
the  mother  fulfill*  this  office  for  the  foetus,  and  sends  it  arterial 
blood,  fitted  to  maintain  the  contractility  of  the  muscles. 

As  we  perform  no  motion,  but  in  virtue  of  impressions  previ- 
ously received,  and  as  the  organs  of  sense,  in  the  foetus,  are  com- 
pletely inactive,  it  is  not  easy  to  say,  why  it  should  move  in  the 
womb.  The  touch,  however,  is  exerted,  wheu  any  part  of  the 
surface  of  the  body  of  the  fcetus  comes  in  contact  with  the  internal 
part  of  the  cavity  in  which  it  is  contained.  Lastly,  the  iuternal 
impressions  experienced  by  the  great  sympathetica,  may  act  as  an 
occasional  cause  of  such  motions. 

The  fcetus  is  nourished,  like  every  other  organ,  by  appropria- 
ting to  itself,  whatever  is  suited  to  its  nature,  in  the  blood  brought 
to  it,  by  the  vessels  of  the  uterus.  The  interception  of  this  fluid, 
by  a  ligature,  or  by  compression  of  the  umbilical  cord,  would  oc- 
casion death,  though  not,  as  has  been  imagined,  by  u  sudden  and 
quick  suffocation,  but  the  action  of  the  organs  would  become  gra- 
dually weakened,  and  at  last  cease,  when  the  fluids  of  the  fottu-;, 
being  no  longer  vivified  by  the  mixture  of  new  juices  from  the 
mother,  would  be  completely  deprived  of  their  nutritive  parts.  It 
is  now  well  ascertained,  that  the  liquor  amnii  does  not  serve  to  the 
nutrition  of  the  fcetus,  whose  mouth  is  closed,  whose  head  is  bent 
oa  his  breast,  and  whose  intestinal  canal  is  filled  with  a  fluid  diffe- 
rent from  that  in  which  the  whole  body  is  immersed.  Besides, 
may  not  the  unctuous  substance  with  which  the  surface  of  the  skin 
is  covered,  prevent  the  absorption  which  might  otherwise  take 
place,  from  the  outer  part  of  the  body  ? 

It  was  long  believed  that  the  fcetus  was  in  an  upright  position, 
during  the  first  months  of  life,  but  that,  towards  the  end  of  preg- 
nancy, it  fell  into  a  different  position  and  lay  with  its  head  down- 
wards. This  erroneous  opinion,  believed  from  its  antiquity,  and  be- 
cause it  was  admitted  by  several  physiologists,  is  completely  refuted 
in  Professor  Baudelocque's  work  on  midwifery.  The  absurdity  of 
this  hypothesis  is  manifest,  if  it  be  considered  that  the  head  of  the 
embryo,  the  most  bulky  and  weighty  part  of  the  body,  must  ne- 
cessarily occupy  the  most  depending  part. 

The  plumpness  and  the  strength  of  the  fcetus  do  not  altogether 
depend  on  the  strength  of  the  mother.  Corpulent  and  strong  wo- 
men often  bring  forth  puny  children,  while  others  who  are  thin  and 
feeble,  bring  forth  children  plump  and  healthy.  Such  instances, 
however,  are  exceptions  to  the  general  rule,  as,  ceteris  paribus, 
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the  healthy  state  of  the  fu'tns  is  to  be  estimated  by  that  of  th* 
mother.  The  morbid  condition  of  the  fluids  of  the  mother  has  a 
considerable  influence  on  the  health  of  the  foetus,  and  is  perhaps 
the  wav  in  which  hereditary  diseases  are  transmitted,  which,  by 
others,  are  ascribed  to  a  diseased  state  of  the  semen. 

The  fcetus  is  subject  to  affections  of  various  kinds,  whether  of 
spontaneous  origin  or  arising  from  a  germ  received  from  the  mo- 
ther. Fcetuses  have  been  seen  with  cicatrices,  whicli  clearly 
shewed,  that  solutions  of  continuity,  of  various  kinds,  had  taken 
place.  A  child,  born  with  the  loss  of  some  limb,  has  met  with  the 
accident,in  consequence  of  some  affection  experienced  in  the  womb. 
Professor  Chaussier  having  been  called  in  to  a  case  of  this  kind, 
found  the  hand  and  a  portion  of  the  fore-arm,  among  the  mem- 
branes. 

CCXriI.  Of  monsters.  As  it  is  useful  to  study  Nature,  even 
in  her  irregularities,  I  shall  say  a  few  words  on  the  subject  of  mon- 
sters, adopting  the  arrangement  proposed  by  Buffon,  of  dividing 
them  into  three  classes :  the  first  including  monsters  from 
excess;  the  second,  monsters  from  defect;  the  third  including 
those  in  which  there  isa  misplacement  of  organs.-  In  the  first,  are 
included  those  which  have  supernumerary  limbs  or  fingers,  or  even 
two  bodies  joined  in  various  ways.  In  the  second,  children  born 
with  a  hare-lip,  or  who  are  deficient  in  some  one  part.  In  the  last 
place,  those  monsters  belong  to  the  third  class,  in  which  there  is 
a  general  transposition  of  organs;  when,  for  example,  the  heart, 
the  spleen  and  the  sigmoid  flexure  of  the  colon  are  on  the  right  side, 
and  the  liver  and  caecum  on  the  left;  those  born  with  hernia;  of 
different  kinds,  likewise  belong  to  this  class.  One  may  reckon, 
amongthese  monstrous  conformations,  spots  in  the  skin,  the  colouc 
of  which  always  resembles  that  of  some  of  oih-  fluids,  but  whose 
various  forms  are  purely  accidental,  though,  from  prejudice,  one 
is  apt  to  imagine  some  likeness  to  objects  longed  for  by  pregnant 
women  accustomed  to  those  fantastic  appetites  and  longings,  so 
frequent  during  pregnancy. 

Various  attempts  have  been  made  to  account  for  these  unnatural 
formations:  some,  as  Mallebranche,  attributed  them  to  the  in- 
fluence of  the  mother's  imagination  on  the  fcetus  in  the  womb  ; 
others,  aa  Maupertois,  thought  that  her  passions  communicated  to 
her  humours  irregular  motions,  which,  acting  with  violence  on  the 
delicate  body  of  the  embryo,  disturbed  its  structure.  Disease, 
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while  the  child  is  in  utero,  is  a  much  more  probable  cause  of  sudl 
adec  (.ions. 

If  two  foetuses,  contained  in  one  ovum,  lie  back  to  back,  and  if 
the  surfaces  at  which  they  are  in  contact,  become  affected  w  ith  in- 
flammation, it  is  easy  to  conceive  that  adhesion  may  take  place  be- 
tween them.  By  placing,  in  a  confined  vessel,  the  fecundated  ova 
of  a  tench  or  any  other  fish,  the  numerous  young  ones,  which  are 
formed,  not  having  space  sufficient  for  their  growth,  adhere 
to  each  other,  and  fishes  truly  monstrous  in  their  formation,  arc 
produced. 

.  When,  from  disease,  or  from  an  original  malformation,  the 
body  of  thefcetus  is  deficient  in  some  of  its  parts,  the  others  are 
better  nourished  and  grow  to  a  large  size.  Hence,  in  acephalous 
monsters,  as  there  is  no  brain,  the  blood  which  should  be  sent  to 
that  viscus,  going  to  the  face,  it  acquires  a  remarkable  en- 
largement. 

One  of  the  most  curious  of  all  the  cases  of  monstrosities  depend- 
ing on  an  original  defect  in  the  organization  of  the  germs,  is  that 
v/hich  was  sent,  a  few  years  ago,  by  the  Minister  of  the  Interior, 
to  the  School  of  Medicine  at  Paris.  I  shall  give  an  abstract  of  it, 
from  a  more  detailed  account,  drawn  up  with  much  accuracy  and 
sagacity  by  M.  Dupuytren. 

A  young  man,  thirteen  years  of  age,  had  complained,  from  his 
earliest  infancy,  of  pain  in  the  left  side  and  lower  part  of  the  ab- 
domen. This  side  had  been  prominent  and  contained  a  tumour, 
from  the  earliest  period  of  life.  At  the  age  of  thirteen,  he  was 
seized  with  fever,  the  tumour  increased  in  bulk,  and  became  very 
painful.  Some  days  after,  he  voided,  by  stool,  purulent  and  fetid 
matters;  at  the  end  of  three  months,  he  became  wasted  by  maras- 
mus, he  passed,  by  stool,  a  ball  of  hairs,and,  in  the  course  of  a  few 
weeks,  died  of  consumption. 

On  opening  his  body,  there  was  found,  in  a  cavity  in  contact 
with  the  transverse  arch  of  the  colon,  and  communicating  with  it, 
some  balls  of  hairs  and  an  organized  mass.  The  cyst,  situated  in 
the  transverse  mesocolon,  near  the  colon,  and  externally  to  the 
digestive  canal,  communicated  with  the  intestine.  But  this  com- 
munication was  recent  and  accidental,  and  one  could  plainly  see 
the  remains  of  the  septum  between  these  cavities.  The  orga- 
nized mass  presented,  in  its  forms,  a  great  number  of  features  of  re- 
semblance with  the  human  fcetus,  and,  on  dissection,  no  doubi 
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could  be.  entertained  of  its  nature.  There  was  discovered  in  it,  (lie 
trace  of  some  of  the  organs  of  sense,  a  brain,  a  spinal  marrow,  very 
large  nerves,  muscles  converted  into  a  sort  of  fibrous  matter,  a  ske- 
leton consisting  of  a  vertebral  column,  a  head  and  pelvis,  and  limbs 
in  an  imperfect  state;  lastly,  a  very  short  umbilical  cord  attached 
to  the  transverse  mesocolon,  at  the  outer  part  of  the  intestine,  aa 
artery  and  vein,  ramifying  at  each  of  their  extremities,  where  they 
were  in  contact  with  the  foetus  and  with  the  individual  which  con- 
tained it.  This  much  is  sufficient  to  establish  the  distinct  existence, 
as  an  individual,  of  thi3  organized  mass,  though,  in  other  res- 
pects, destitute  of  organs  of  digestion,  of  respiration,  of  the  secre- 
tion of  urine,  and  of  generation.  The  absence,  however,  of  a  great 
number  of  the  organs  necessary  to  the  maintenance  of  life,  should 
make  i;  be  considered  as  one  of  those  monstrous  foetuses,  not  des- 
tined to  live  beyond  the  momeut  of  birth.    This  fcetus  was  evi- 
dently contemporary  with  the  boy  to  whose  body  it  was  attached. 
Similar  to  the  product  of  extra  uterine  conceptions,  it  received  its 
nourishment  from  that  which  may  be  considered  as  its  brother,  and 
whose  germ  had  originally  enclosed  its  own.    During  the  thirteen 
years  of  the  life  of  Bissieu  (this  was  the  name  of  the  subject  of 
this  singular  case),^he  organized  mass  obtained  from  the  mesoco- 
lon, by  means  of  vessels  of  its  own,  the  blood  necessary  for  its 
existence;  this  blood,  propelled  by  the  organs  of  circulation, 
into  the  body  of  the  fcetus,  returned  afterwards  to  the  mesocolon 
of  the  boy  who  had  so  long  been  to  him  as  a  mother.    At  last,  the 
period  fixed  by  Nature,  for  expulsion,  being  arrived,  and  this  ex- 
pulsion being  impracticable,  the  cyst  became  inflamed  ;  the  inflam- 
mation extended  to  the  intestine,  the  part  which  separated  these 
two  cavities  was  destroyed,  and  the  cyst  opened  into  the  colon; 
pus  and  hairs  were  voided  by  stool,  and  the  patient  died  of  maras- 
mus.   The  drawings  of  different  parts  of  the  body  of  this  fcetus, 
taken  by  M.  Cuvier  and  M.  Jadelot  render  this  interesting  case, 
most  complete.    They  will  be  published  in  the  first  volume  of  the 
transactions  of  the  Academical  Society,  near  the  Faculty  of  Medi- 
cine at  Paris*. 

*  Mr.  Younp,  of  London,  has  communicated  a  rn$c  of  the  same  kind,  in  a 
valu-ible  paper  inicried  in  the  first  volume  of  the  Medico  Cuirurgicul  Transac- 
tion?,   in  Mr.  Young's  case,  the  fcrtus  was  contained  in  a  cyst  that  seemed  to 
an*wrr  the  purpose  of  rncrnhr  inrs  and  placenta  ;  it  was  without  a  brain,  but 
hid  Imperfect!}  formed  di^.stive  organs  and  external  organs  of  generation. 

See  vol.  lit  of  thr  Mcdico-Chlr«rgical  Tiansaciious .    T.  ; 
3  3 
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We  ought  not  to  be  too  ready  to  place  implicit  confidence  ra 
the  extraordinary  stories  contained  in  the  older  writers,  and  even 
in  some  of  the  modems,  fa  reading  tin;  periodical  publications 
of  the  seventeenth,  and  even  of  the  eighteenth  cetrtury,  one  is  apt 
to  wonder  at  the  marvellous  things  which  they  contain.  Among 
other  strange  case;-,  is  that  of  a  girl  that  Mas  born  with  a  pig's  head; 
another  of  a  woman  who  was  delivered  of  an  animal,  in  every  res- 
pect, like  a  pike.  There  w as  a  time,  says  a  philosopher,  when 
philosophy  consisted  merely  in  seeing  prodigies  in  nature. 

CCXIV.  Of  the  coverings  of  the  fwlua.  The  name  of  after- 
birth is  given  to  the  envelopes  r.f  the  foetus,  because  they  are  not 
expelled  from  the  uterus,  till  after  the  birth  of  the  child.  The 
ovoid  sac,  which  contains  the  foetus,  is  formed  by  two  membranes 
in  contact  with  each  other.  The  name  of  chorion  is  given  to  that 
which,  by  its  external  and  shaggy  surface,  adheres  to  the  inside  of 
the  uterus:  the  other,  a  concentric  membrane  to  the  former,  but 
of  less  thickness,  and  to  be  considered  as  the  secretory  organ  of 
the  fluid  which  tills  the  ovum,  is  called  the  amnion.  The  third  en- 
velope, admitted  by  Hunter,  and  called  by  that  physiologist,  the 
membrana  decidua,  is  nothing  more  than  the  lanuginous  tissue  pre- 
sented by  the  external  part  of  the  chorion,  after  tearing  the  multi- 
tude of  cellular  and  vascular  filaments,  by  means  of  which  the 
ovum  adheres  to  the  uterus.  The  placenta  is  itself  merely  a  thicker 
portion  of  nearly  the  same  tissue,  in  which  the  umbilical  vessels  are 
ramified.  The  uterus  is  also  thicker  at  the  part  which  corresponds 
to  the  placenta,  because  it  is  there  that  the  communication  of  the 
foetus  with  the  mother  is  established. 

The  liquor  amnii  is  a  serous  fluid,  of  a  sweetish  odour,  of  insipid 
taste,  rendered  slightly  turbid  by  a  milky  substance  which  it  holds 
suspended,  and  somewhat  heavier  than  distilled  water,  1,004.  It  is 
almost  completely  aqueous ;  albumine,  soda,  muriate  of  soda  and 
phosphate  of  lime,  discovered  in  it  by  M.  M.  Uunivaand  Vauque- 
liu,  forming  only  0,012  of  the  whole  mass.  It  turns  of  a  green 
colour,  tincture  of  violets,  and  reddens  that  of  turnsol  ;  a  very  re- 
markable circumstance,  as  is  observed  by  the  last  mentioned  phi. 
losophers,  and  indicating  the  co-existence  of  an  alkali  and  of  an 
acid  in  a  separate  state.  The  latter  is,  in  so  small  a  quantity,  so 
volatile,  and  so  soluble  in  the  liquor  amnii  of  w  oman,  that  it  has 
never  yet  been  obtained  by  itself ;  there  is  found,  however,  in 
the  liquor  amnii  of  the  cow,  a  peculiar  acid,  called  by  M.  M. 
Buniva  and  Vauquelin,  the  amniotic  acid.    The  liquor  amnii  is  in 
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frn-afiT  quantity,  in  proportion  to  the  size  of  the  fetus,  according- 
as  the  latter  is  nearer  the  period  of  its  formation.  It  is  the 
product  of  arterial  exhalation.  Its  materials  are  supplied  by  the 
blood  couveved  by  the  vessels  of  the  uterus.  This  Js  proved,  not 
merely  by  analogy,  but  likewise  by  observing  the  connection  be- 
tween the  qualities  of  the  liquor  amnii  and  the  regimen  of  the 
mother.  In  a  woman  who  had  used  mercurial  friction,  in  the 
course  of  her  pregnaucy,  the  liquor  amnii  was  observed  to 
whiten  copper.  '  . 

The  fundus  of  the  bladder,  in  quadrupeds,  is  continuous  with  a 
canal,  of  which  the  rudiments  are  observed  in  man,  and  which  is 
called  the  urachus.  This  canal  joins  the  umbilical  vessels,  passes 
out  with  them,  at  the  umbilicus,  and  terminates  in  a  membranous 
sac,  between  the  chorion  and  the  amnion  ;  it  is  called  the  allantois ; 
it  is  always  found  in  the  fetus  of  the  lower  animals,  but  it  is  very 
indistinct,  and  often  does  not  exist  in  man.  Some  anatomists  say 
they  have  seen  the  urachus  arising  from  the  human  bladder,  and 
which  is  commonly  ligamentous,  terminate  in  a  small  vesicle  which 
some  of  them  compare  to  a  melon  seed  ;  while  others  say  its  buljt 
does  not  exceed  a  millet  or  hemp  seed.  So  small  a  vesicle  can 
certainly  answei  no  purpose  ;  the  urachus  always  forming  a  solid 
cord,  seldom  pervious,  and  even  of  very  small  bore,  in  the  part 
nearest  the  fundus  of  the  bladder.  The  existence  of  these  parts 
furnbhps  an  additional  proof  of  what  was  stated  in  speaking  of  the 
uses  of  the  valve  of  ;he  coecum,  viz.  that  there  are  in  the  animal 
body,  organs  which  answer  no  purpose,  and  which  merely  indicate 
the  plan  which  Nature  has  followed  in  the  reproduction  of  beings, 
-and  the  gradations  which  she  ha6  uniformly  observed  in  the  divi- 
sions of  the  species. 

CCXV\  Oj  the  natural  term  of  gestation.  The  foetus  may 
exist  without  the  maternal  influence,  when  arrived  at  the  period  of 
seven  or  eight  months  from  the  instant  of  conception.  AH  accou- 
cheurs agree  that  it  may  be  delivered  alive,  at  this  period,  and  that 
H  stays  two  months  longer  in  the  uterus,  only  that  it  may  gain 
more  strength,  and  be  better  fitted  to  resist  the  new  impressions 
which  it  is  to  experience,  on  coming  into  the  world  A  child, 
however,  has  been  known  to  live,  though  born  at  the  sixth  month 
of  pregnancy,  in  premature  labour;  but,  in  general,  the  child 
is  the  more  likely  to  live  when  born  at  the  usual  period  ;  that  is,  to- 
wards the  end  of  the  ninth  solar  month,  or  of  the  tenth  lunar.  It 
is  observed,  that  children  born  at  seven  months,  however  robust 
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they  may  prove  afterwards,  are  very  feeble  when  born,  harp  their 
eyes  closed,  and  are  in  a  state  of  extreme  debility  and  suffering, 
during  the  two  months  which  they  ought  to  have  spent  in  their  mo- 
ther's womb;  this  proves  how  necessary  it  is  that  gestation  should 
be  carried  on  to  the  end  of  the  ninth  solar  monlh. 

If  the  fcetus  may  live,  though  separated  from  its  mother,  before 
the  natural  period,  may  it  not,  likewise,  remain  longer  within  the 
womb,  grow  with  less  rapidity,  and  be  expelled  somedcys,  weeks, 
and  even  months  later?  How  difficult  therefore  will  it  not  be  to 
assign  a  precise  term,  beyond  which  wc  shall  not  be  able  to  admit 
the  possibility  of  a  late  birth! 

There  are  said  to  be  authentic  cases  of  children  born  more  than 
ten  months  af.er  conception  ;  yet  the  laws,  which  cannot  be  found- 
ed on  rare  exceptions,  do  not  allow  of  so  long  a  period  in  decid- 
ing of  the  legitimacy  of  children  born  after  the  dissolution  of 
matrimony. 

CCXVI.  Of  prtrluri/ion.  When  the  foetus  has  remained  suf- 
ficiently long  within  its  mother's  womb,  to  acquire  the  degree 
of  strength  required  for  its  insulated  existence,  it  becomes  sepa- 
rated from  her,  carrying  along  with  it  the  parts  which  enclosed  it, 
and  by  which  it  was  connected  to  the  uterus.  Its  expulsion  from 
the  uterus  is  called  delivery.  The  most  ridiculous  opinions  have 
been  entertained,  with  regard  to  the  causes  which  determine  the 
coming  on  of  labour;  according  to  some,  Fabricius  of  Aquapcn- 
HeiJte,  for  instance,  it  is  the  want  of  fresh  air,  which  makes  the 
fcetus  rupture  its  membranes:  according  to  others,  the  fcetus  is 
determined  to  the  same  process,  by  the  necessity  of  voiding  the 
meconium,  an  excrementtfious  fiuidjW  hich  Mils  the  intestinal  canal. 
It  lias  been  said,  that  the  fcetus  was  urged  to  it,  by  the  want  of 
food,  or  that  labour  depends  on  the  re-action  of  the  ubics  of  (lie 
uterus,  which,  distended  beyond  measure,  towards  the  end  «.f 
pregnancy,  close  on  themselves,  and  overcome  the  resistance  of 
the  cervix  uteri,  which  is  thinned  and  gradually  dilatid.  Hut,  if 
this  last  hypothesis  be  correct,  and  it  is  the  only  one  that  is,  at 
present,in  any  esteem,  how  comes  it,  that  in  a  w  onian.w  bose  uterus 
is  of  a  determinate  size,  labour  does  not  come  on,  when  there  are 
twins,  at  the  end  of  four  months  and  a  half,  by  which  period,  the 
same  degree  of  distention  would  be  produced,  as  by  one  child  at 
the  full  time. 

It  is  very  true,  that  for  a  fortnight,  and  even  sometimes  for  a 
indnfh,  before  labour,  the  uterus  seems  to  be  preparing  for  the 


501 


expulsion  of  the  foetus.  This,  at  least,  may  bp  inferred  from  ihf 
prominence  of  the  cervix  of  the  uterus,  which  nrny  then,  some- 
times, be  felt;  and  which  is  evidently  produced  by  the  membranes 
containing  the  waters,  which  insinuate  themselves  within  the  ori- 
fice of  the  uterus,  when  this  organ  contracts,  and  which  collapse- 
and  recede,  when  the  uterus  is  relaxed. 

The  product  of  conception,  after  a  certain  time,  reaches  a 
period  at  which  it  may  exist,  separated  from  the  mother.  When 
this  period  is  arrived,  the  ovum  in  which  it  is  contained,  detaches 
itself  from  the  uterus,  by  a  mechanism,  in  every  respect,  similar  to 
that,  bv  which  the  stalk  of  a  ripe  fruit  drops  from  the  bough  on 
w  hich  it  hung.  Then,  in  all  probability,  the  foetus  refuses  to  ad- 
mit the  blood  sent  to  it  by  the  umbilical  vein.  The  plaeenta 
becomes  allected  with  congestion;  this  stagnation  of  the  fluids 
extends,  gradually,  to  the  uterus,  and  to  the  neighbouring  parts. 
Stimulated  by  their  presence,  these  organs  are  called  into  action, 
the  woman  feels  wandering,  irregular  pains,  similar  to  cholic 
pains,  which  become  more  acute,  are  attended  with  a  feeling  of 
constriction,  and  act  from  above  downwards,  that  is,  from  the  fun- 
dus, to  the  cervix  of  the  uterus. — This  contractile  cavity,  assisted 
by  the  diaphragm  and  abdominal  muscles,  then  acts  with  redoubled 
etfort  to  expel  its  contents.  The  pains  become  more  acute  and 
frequent;  the  face  red,  the  pulse  full  and  frequent,  the  whole  body 
srf-ms  to  partake  in  the  affection  of  the  uterus,  and  is  agitated 
with  convulsive  motions.  The  membranes,  filled  with  the  waters, 
force  themselves  like  a  wedge,  through  the  mouth  of  the  uterus, 
whose  edges  are  much  weakened;  the  throes  of  labour  increase  in 
strength  and  number,  the  membranes  rupture,  the  liquor  amnii 
escapes,  the  head  of  the  child  follows,  and  it  soon  clears  the  mouth 
of  the  uterus  with  most  excruciating  pains. 

These  pains  are  particularly  severe,  when  the  sacrum  not  beinj 
sufficiently  concave,  the  nerves  of  the  sacral  plexus  are  violently 
compressed  by  the  head  of  the  fcetus  :  this  part  of  the  body,  almost 
always,  presents  first ;  it  passes  through  the  upper  outlet  of  tha 
pelvis,  in  an  oblique  direction,  the  occiput  being  turned  forward, 
and  corresponding  to  one  of  the  acetabula, while  the  face  is  direct- 
ed backward  towards  one  of  the  sacro-iliac  junctions.  It  passes 
thus  alonq  the  greatest  diameter  of  the  pelvis,  but  in  descending 
lower  down  in  the  pelvis,  it  describes  a  portion  of  a  circle,  and 
passes  through  the  lower  outlet  of  the  pelvis,  at  its  greatest  diame- 
ter, which  is  from  the  fore  to  the  back  part.    The  head  desccuds 
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through  the  vagina.,  appears  outwardly,  soon  disengages  itself,  and 
Is  followed  by  the  shoulders  and  the  rest  of  the  body.  Thus  it  is, 
that  Nature,  after  having  produced  fecundation  by  an  act  attend* 
ed  with  pleasure,  expels  the  product  of  conception  in  the  midst 
of  pain. 

CCXVTI.  The  passages,  along  which  the  fn-tus  is  carried  out 
of  the  body,  would  be  too  confined,  in  their  ordinary  itate,  to 
allow  expulsion  to  take  place  without  laceration,  if,  as  1  am  going 
to  explain,  Nature  had  not  disposed  every  (hing  to  facilitate  la- 
bour. In  fact,  Nature  has  not  only  formed  the  foetal  skull  of 
several  flexible  pieces,  separated  by  membranous  unossified  spaces, 
io  as  to  allow  the  bones  to  move  over  one  another,  and  the  whole 
head  to  be  reduced  in  size,  in  passing  through  the  female  pelvis, 
but  she  has,  besides,  united  the  bones  of  the  pelris,  in  such  a  man- 
ner, that  their  articulations  become  evidently  relaxed,  towards 
the  end  of  pregnancy.  During  the  progress  of  pregnancy,  the 
fluids  of  the  mother  flow,  in  every  direction,  towards  the  pelvis 
and  the  parts  which  it  contains;  the  ligamento-cartilaginous  articu- 
lations of  the  pubis,  of  the  sacrum  and  loccyx,  soaked  in  fluids, 
unite,  w  ith  less  firmness,  the  bones  between  which  they  are  placed. 
Hence,  being  softened  and  swollen,  they  do  not  force  them  asun- 
der like  a  wedge,  by  increasing  the  diameters,  but  facilitate  the 
separation  of  the  bones,  by  the  passage  of  the  head  through  the 
pelvis.  It  is  on  the  relaxation  of  the  articulations  of  the  pelvis, 
that  the  indication  for  the  operation  of  dividing  the  symphysis 
pubis,  rests  ;  an  operation  performed  successfully  by  Sigault  and  by 
Professor  Alphonse  Leroy.  Analogy  led  very  naturally  to  this 
operation,  as  is  judiciously  observed  by  M.  Thouret,  in  the  same 
manner  that  the  invention  and  application  of  the  forceps  were 
founded  on  a  consideration  of  the  means  employed  by  Nature, 
to  lessen  the  bulk  of  the  child's  head,  during  the  progress  of 
labour. 

The  foresight  of  Nature  is  not  limited  to  the  facilitating  the 
motion, on  oneanother,of  the  osseous  partsof  theskullof  the  foetus, 
and  of  the  pelvis  of  the  mother;  her  care  extends  to  the  soft  parts 
«f  the  latter;  these  are  soaked  in  mucus,  so  as  to  relax  their  tissue 
several  days  before  parturition,  and  are  so  dispos«?d,as  was  already 
observed  (CCI),  that  they  may,  without  rupture  or  violence,  and 
by  the  mere  unfolding  of  the  folds  of  the  skin,  yield  to  a  considera- 
ble degree.  As  the  placenta  and  the  membranes  are  not  expelled, 
immediately  after  the  foetus,  it  is  customary  to  separate  them,  by 
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dividing  the  umbilical  cord,  near  the  navel.  It  is  unnecessary  to- 
tie  this  cord,  at  the  part  near  the  mother,  every  communication 
being  intercepted  between  the  placenta  and  the  uterus,  so  that  no 
blood  could  flow  but  that  of  the  placenta.  Not  so,  however,  with 
the  part  nearest  the  foetus;  though  the  changes  which  take  place, 
iu  the  circulation,  at  the  moment  when  the  chest  is  dilated,  and 
allows  the  air  to  distend  the  pulmonary  tissue,  divert  the  blood 
from  the  umbilical  vessels;  these  cbanges,  however,  in  the  circula- 
tion of  the  fluids,  might  come  on  slowly,  from  the  weakness  of  the 
new  born  child  ;  hence  it  is  always  prudent  to  prevent,  by  a  liga- 
ture, a  loss  of  blood  that  would  increase  the  debility. 

The  human  ovum  is  very  seldom  detached  entire,  and  never  so 
■without  considerable  danger;  that  is,  the  fcetua  is  not  expelled 
with  its  membranes  and  in  the  liquor  amnii,  for  these  are  not,  in 
general,  expelled  till  a  quarter  of  an  hour,  half  an  hour,  or  even 
a  full  hour  after  the  delivery  of  the  foetus.  When  the  uterus  is 
completely  emptied,  its  cavity  becomes  obliterated  by  the  approxi- 
mation of  its  sides  ;  this  organ,  contracted  on  itself,  sinks  behind 
the  pubis,  its  cervix  closes  and  this  even  impedes  the  delivery  of 
the  after-birth,  w  lien  the  latter  is  protracted  too  long.  The  pa- 
rietesof  the  uterus,  imbued  with  tluidsare  thicker, than  in  tlieir 
natural  condition  ;  but  they  decrease  in  size,  in  consequence 
of  the  lochial  discharge,  and  return  to  their  wonted  thickness. 

When  the  labour  is  over,  the  uterus  falls,  as  it  were,  asleep,  and 
enjoys  repose,  after  painful  exertion.  The  humours  cease  to 
be  determined  to  that  organ,  towards  which  they  are  no  longer 
drreeted,  by  any  irritation,  and  they  How  towards  the  mammary 
glands,  to'  supply  the  secretion  of  the  fluid  which  is  to  nourish  the 
new-born  child. 

CCXVlIl.  Of  tzoins.  Though,  in  the  human  subject,  the 
offspring  is  generally  single,  it  is  not  uncommon  for  a  woman  to 
bring  forth  two  children  at  once  ;  it  has  even  been  calculated,  that 
the  proportion  of  twin  cases  to  single  births,  was  as  one  to  eighty. 
Indeed,  there  are  cases  of  women  who  have  brought  three  child- 
ren, at  a  birth.  Haller  calculates  that  the  number  of  these  last, 
to  those  of  single  births,  is  as  one  to  seven  thousand.  The  cases 
of  four  children  at  a  birth,  are  still  less  frequent,  and  if  three 
children  born  at  once,  seldom  live  long,  the  others,  which,  when 
born,  are  of  the  size  of  children  at  five  months,  cannot  live.  Only 
one  or  two  instances  arc  known  of  five  children,  having  been  born 
at  a  birth  ;  Haller,  therefore,  is  guilty  of  exaggeration,  in  sayiu$ 
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<hat  these  rases  are  to  the  ordinary  cases,  in  the  proportion  of 
one  to  a  million.    I  take  no  notice  of  the  instances  in  which  • 
greater  number  are  said  to  have  been  delivered  at  once,  because 
those  cases  are  not  well  authenticated.    Jn  the  case  of  tw  ins,  tarn, 
child  has  its  own  umbilical  cord,  terminating,  sometimes,  in  a  se- 
parate, and  sometimes  in  a  single  placenta.    Both  foetuses  are 
enveloped  in  one  chorion,  but  each  has  a  distinct  amnion,  and 
floats  in  a  separate  liquor  amiiii.    It  would  be  curious  to  know 
■whether  in  women  who  have  had  twins,  as  well  as  in  animals,  one 
should   find  two  cicatriculaj,  both  in  the  same  ovarium,  or  one  iu 
each.    Twins  are,  generally,  very  like  one  another,  in  features 
and  dispositions. 

The  multiplicity  of  foetuses,  in  the  same  pregnancy,  is  occa- 
sioned by  the  presence  of  several  vesiculae,  ready  to  be  detached 
from  the  ovaria,  and  consequently  ripe  for  fecundation.  This 
multiplicity  of  offspring  contributes  very  little  to  increase  popula- 
tion, for,  they  are,  in  general,  less  robust  and  strong,  and  not  so 
capable  of  reproduction ;  they,  besides,  exhaust  the  strength  of 
the  mother,  and  their  birth  is  often  fatal  to  her.    The  number  of 
children  which  a  woman  might  bring  into  the  world,  from  the 
period  of  puberty  to  the  cessation  of  the  menstrual  discharge, 
\v  ould  be  much  greater  than  it  generally  is, if  no  time  were  lost.  Some 
women  have  been  known  to  have  twenty-four,  thirty,  thirty-nine, 
and  eveu  fifty-three  children.     A  woman  died  in  North  Ame- 
rica, after  having  had  five  hundred  children  and  grand  children,  of 
whom  two  hundred  and  five  survived  her. 

It  is  now  well  known,  that  the  number  of  male  children  who 
are  born,  exceeds,  in  general,  that  of  the  femiiles.    The  difference, 
in  some  countries,  is  estimated  at  one  iu  twenty  one,  at  a  four- 
teenth, a  twelfth,  and  sometimes,  though  rarely,  at  a  third.  Iu 
all  countries  of  the  world,  polygamy  is,  therefore,  in  direct  oppo- 
sition to  the  intentions  of  Nature,  and  to  the  multiplication  of  the 
species;  this  is  proved,  in  a  most  undeniable  manner,  by  the  loss 
of  population  in  those  countries  iu  which  this  practice  exists.  The 
boys,  more  numerous  than  the  girls,  during  the  early  part  of  life, 
exposed  afterwards,  to  the  dangers  of  war,  of  navigation,  and  oc- 
cupied in  laborious  occupations,  lead  a  more  laborious  and  anx- 
ious life,  and  die  in  greater  numbers,  so  that  the  eqilibrium  is 
soon  restored,  and  the  least  numerous  portion  of  the  human  spe- 
cies, at  the  cradle,  forms  about  two  thirds  of  it,  in  old  age,  since 
we  always  see  more  women  than  men  reach  a  very  advanced 
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CCXlX.  Of  superfceiations.  The  cases  of  fcctuFcs  bora 
with  unequal  degrees  of  developemeut,  are  not  to  be  con- 
sidered as  superfceiations,  but  as  twin  cases.  Thus,  if,  in 
a  case  of  twins,  one  foetus  is  of  its  full  size,  while  the  other  is 
an  embryo  whose  sise  does  not  exceed  that  of  a  foetus  in  the 
first  month;  it  does  not  follow  that  their  conception  took  place?  , 
at  different  and  distant  periods,  but  merely  that  for  some  reason 
or  other,  one  of  the  germs  has  been  incapable  of  growth  and  de- 
velopemeut. 

To  settle  the  question  of  superfoetations,  one  should  know  whe- 
ther a  woman,  with  a  single  uterus,  is  capable  of  conceiving,  two 
months  after  effective  copulation.  Haller  is  of  opinion,  that  the 
cervix  of  the  uterus  is  always  open  to  the  semen;  but  how  is  the 
latter  to  reach  the  ovaria,  through  the  adhesions  of  the  chorion  to 
the  uterus?  It  appears  easier,  where  the  two  conceptions  are  se- 
parnied  by  a  short  interval ;  thus,  the  American  woman  mentioned 
by  Buffon,  who,  in  the  course  of  one  morning,  had  connexion  with 
her  husband  and  with  a  negro  slave,  bore  two  children  of  different 
colours.  Hence,  likewise,  it  sometimes  happens,  that  one  of 
two  twins  is,  by  its  features,  a  living  testimony  of  adultery. 

Two  children,  bom  with  an  interval  of  some  months  between 
their  births,  cannot  be  considered  as  twins,  though  they  may  have 
exiittdsome  time  together  within  the  mother's  womb.  The  pos- 
sibility of  such  supei testations  is  well  proved;  they  are  ascribed 
to  septa,  dividing  the  uterus,  sometimes,  into  two  cavities,  merely 
because  such  an  arrangement  would  explain,  to  a  certain  degree, 
how  two  conceptions  might  take  place,  at  some  interval  from  one 
another;  for  it  has  never  been  ascertained,  by  actual  dissection, 
that  any  woman,  in  whom  such  superfceiations  took  place,  had 
a  double  uterus. 

CCXX.  Of  suckling.  Nothing  is  more  generally  known,  in 
physiology,  thao  the  strict  sympathy  which  subsits  between  the 
uterus  and  mammae  ;  a  connexion,  in  consequence  of  which,  these 
two  organs  are  called  into  action,  at  the  same  period  of  life,  are 
evolved,  and  cease  to  perform  their  functions,  at  the  same  time, 
w  hen  woman  becomes  incapable  of  co-operating  in  the  reproduc- 
tion of  the  species.  I  shall  not  endeavour  to  account  for  this  sym- 
pathy, by  ascribing  it  to  the  influence  of  the  nervous  system,  or  to 
the  anastomosis  of  the  e  pigastric  with  the  internal  mammary  arte- 
ries ;  an  anastomosis  which  is  not  uniform,  for,  instead  of  inoscu- 
lating with  each  other,  these  vessels  frequently  terminate  in  the 
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tiki  muscles  of  ti  t-  abdomen.  But  even  though  t>.is  atiastornol.fr 
should  exist,  as  distinctly  ii  it  is  often  m  .t  with  in  some  subjects, 
ft  would : not  account  for  this' sympathy,  since  the  uterus  and  the 
mamma?  often  receive  no  branches  from  tiie  epigastric  and  mam- 
mary arteries,  ami-  when  thwy  do  they  an*  exceedingly  small. 

The  new  hour  child,  on  being  brought  in  contact  with  the 
breasts,  applies  his  mouth  to  the  nipple,  and  withdrawing  his 
tongue,  while,  with  his  lips,  he  compresses  the  cdjjes  of  the  nipple 
he  draws  in  the  fluid  whose  How  h  facilitated  by  the  erection  of 
the  lactiferous  tubes.  These  ducts,  from  twelve  to  fifteen  in  num- 
ber, not  only  become  enlarged,  when  the  nipple,  which  almost  en- 
tirely consists  of  them, is  elongated  by  being  drawn  eut  by  thechild, 
but,  besides,  being'  excited  by  hi  touch,  they  become  affected  with 
a  certain  degree  of  ejection,  and  emit  their  fluid.  This  excretion^ 
like  that  of  other  glands,  is  excited  by  the  touch  and  the  mo- 
tion of  the  hands  of  the  child  on  his  nurse's  breasts.  The  use  of 
these  gentle  compressions,  rs  not  so  mueh  to  express  the  milk  me- 
chanically, as  to  excite  the  organ  to  excretion. 

Thei.rritatioiT,prodncc>d  by  the  child  on  the  nipple,is  the  most  pow- 
erful exciting  cause  of  the  determination  of  milk  into  the  breasts; 
this  irritation,  or  any  other  of  the  same  kind,  is  sufficient  to  excite 
the  secretion  of  milk,  even  under  circumstances  not  provided  for  by 
Nature.  1 1  is  thus  that  virgins  have  been  enabled  to  suckle  ano- 
ther mother's  child  ;  that  young  girls,  under  the  age  of  puberty, 
have  had  so  complete  a  secretion  of  milk,  as  to  furnish  a  pretty 
considerable  quantity  of  this  fluid.  There  have  been  known  men, 
in  whom  a  long  continued  tilfflation  of  the  breasts  had  determined 
so  considerable  an  afflux  erf  the  humours,  that  there  oozed  from 
theni,  a>  'whitish,  milky,  and  saccharine  fluid,  not  unlike  the 
milk  of  a  woman.  The  sucking  of  the  new  born  child,  is  necessary 
to  keep  up  the  secretion  of  milk  in  the  mammas.  It  ceases  to  be 
formed  in  them,  when  the  child  is  committed  to  the  care  of  a  dif- 
ferent nurse;  the  rramms,  at  first  turgid,  soon  collapse,  espe- 
cially, if  care  have  been  taken  to  determine  the  fluids  downwards, 
by  exhibiting  gentle  laxatives. 

The  erection  of  the  breasts,  by  titillafion  on  the  nipple,  the  spas- 
modic, and  almost  convulsive,  action  which  follows  this  kind  of 
excitement,  may  be  carried  so  far  as  to  producean  emission  of  the 
fluid  to  some  distance.  AVhile  its  excretion  lasts,  women  expe- 
rience, in  their  breasts,  an  agreeable,  sensation;  these  parts  are 
teuse  and  swollen  :  they  foci,  as  they  express  it,  the  milk  rising  ; 


507 


several  feel  a  sensation  of  extension  reaching  to  the  axilla,  to  the 
arms  u'.id  chest.  The  whole  mass  of  cellular  substance  surround- 
ing the  breasts  and  extending  to  the  neighbouring  parts,  partakes 
in  their  ac'thity. 

Tiie  breasts,  themselves,  consist,  in  great  measure,  of  cellular 
substance  ;  an  adipose  and  lymphatic  layer,  of  a  certain  thickness, 
covers  the  gland,  which  is  divided  into  several  lobes,  and  encloses 
it  within  its  substance.  They  receive  a  number  of  nerves,  but  very 
few  blood  vessels  for  their  bulk. 

Their  structure  appears  almost  wholly  lymphatic;  the  vessels  of 
this  kind,  after  being  distributed  to  the  neighbouring  glands,  and 
especial}}  to  those  of  the  axilla,  penetrate  into  the  breasts,  in  which 
their  proportion,  compared-  to  that  of  the  sanguineous  vessels,  is 
as  eight  to  one,  These  lymphatic  vessels,  which  enter  in  consi. 
derable  numbers  into  the  composition  of  the  breasts,  increase 
greatly  in  size,  in  nurses,  and  when  injected  in  (his  condition,  it 
has  been  ascertained,  that  several  of  them  joined  to  form  larger 
trunks,  which  going  towards  the  nipple,  contributed  in  forming 
what  are  called  the  lactiferous  tubes.  If  the  lymphatic  vessels  be 
immediately  continuous  with  the  excretory  ducts  of  the  breasts, 
there  is  reason  to  believe,  that  it  is  these  vessels  which  convey 
the  materials  of  the  lluid  which  they  separate,especially  if  it  be  con- 
sidered, how  small  the  number  of  minute  arteries  which  are  distri- 
buted into  their  tissue,  and  what  a  disproportion  there  is,  between 
the  caliber  of  these  small  vessels  and  the  quantity  of  blood  which 
the  breasts  supply.  The  opinion  that  the  lymphatic  vessels  bring 
to  the  breasts  the  materials  of  the  secretion  of  milk,  is  not  in  op- 
position to  the  laws  of  the  circulation  in  the  lymphatics  ;  all  who 
are  acquainted  with  these  laws,  know  that  the  course  of  the  lymph, 
though,  in  general,  from  the  circumference  to  the  centre,  is  natu- 
rally liable  to  a  number  of  aberrations  or  deviations,  facilitated  by 
the  numi)eriess  anastomoses  of  these  vessels.  (XLVJ. 

CCXXl.  The  granulated  structure  is  not  as  apparent  in  the 
bn  a.-ts,  as  in  the  other  glandular  organs,  hence  they  bear  a  greater 
resemblance  to  the  lymphatic,  than  to  the  conglomerate  glands. 
The  milk  which  they  secrete,  lias  always  been  considered  as  very 
jike  the  chyle,  which  it  resembles,  in  its  white  colour,  its  smell,  and 
its  saccharine  tas! Like  the  chyle,  it  is  the  least  animalizi-d 
fluid,  the  sweetest,  that  on  which  the  action  of  the  organs  produces 
the  least  effect,  and  that  which  preserves  most  the  characteristic 
qualities  of  the  food  taken  by  the  nurse. 
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If  is  well  known,  (hat  instead  of  giving  medicines  to  infants  at 
the  breast,  we,  most  frequently,  administer  the  medicine  to  the 
nurse;  thus,  tlie  milk  acquires  purgative  qualities  and  acts  on  the 
bowels  of  the  child,  when  the  nurse  has  been  purged.  The  chyle 
is  white  and  opaque,  only  in  those  animals  wliich  suckle  their 
young;  in  the  others,  it  is  as  transparent  as  lymph.  (Cuvier). 

In  the  last  place,  if  the  arteries  carried  to  the  breasts  the  ma- 
terials of  their  secretion,  these  vessels  ought  to  increase  in  size, 
when  these  organs  become  twice,  or  even  three  or  four  times 
larger  than  natural  ;  in  the  same  manner  that,  in  open  cancer,  and 
in  other  similar  affections,  in  which  the  determination  of  blood 
hein^  increased,  the  caliber  of  the  vessels  is  proportioned  to  them. 
Nothing,  however,  of  the  same  kind  occurs,  w hatever  size  the 
breasts  may  acquire  from  the  presence  of  milk  ;  their  arteries  pre- 
serve their  almost  capillary  minuteness,  as  1  had  an  opportunity 
of  ascertaining,  by  injecting  the  mammae  of  a  woman  twenty-nine 
years  of  ag",  who  died  in  the  second  month  of  suckling,  and 
whose  breasts  were  remarkable  by  their  size,  and  by  tht  quantity 
of  milk  th^y  were  able  to  secrete. 

Notwithstanding  all  these  reasons,  which  have  long  made  me 
adopt  the  opinion  of  the  celebrated  Ilaller,  who  considers  the 
milk  as  immediately  extracted  from  the  chyle,  I  own  that  it  must 
be  considered  as  hypothetical,  and  resting  solely  on  probability. 
The  impossibility  of  demonstrating,  anatomically,  the  branches 
going  from  the  mesentery  to  the  breasts,  without  communicating 
with  the  thoracic  duct,  gives  still  greater  probability  to  the  gene- 
rally received  opinion,  which  makes  the  milk,  like  all  the  other  se- 
creted fluids,  with  the  exception  of  the  bile,  to  be  supplied  by 
arterial  blood. 

The  milk  does  not  resemble  chyle,  in  eyery  respect,  though  it 
may  be  considered  as  extracted  from  the  food*,  changed  in  its 
•way  to  the  mammae,  by  the  glands  through  which  it  has  passed,  and 
especially  by  the  action  of  the  organs  themselves.  This  action 
is  so  evident,  that,  as  Bordeu  observes :  "There  are  women  who 
seem  to  have  no  milk  in  their  breasts,  which  are  flaccid  and  empty; 
hut  as  soon  as  the  child  excites  them,  they  become  distended,  and 
the  milk  comes  spontaneously."  Jt  is  well  known,  and  the  same 
author  has  pointed  lias  pointed  it  out,  that  women,  cows,  and  the 

•  "  T,nr  utilis  alimenti  est  superfl.ium."  Gal.  De  Usu  part.  Lib.  VII, 
Cap.  XXII. 
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females  of  other  animals,  allow  themselves  more"  willingly  to  be 
sucked  by  a  suckling  that  knows  how  to  excite  their  sensibility, 
and  to  apply  due  irritation  to  the  nipple;  and  that,  on  the  con- 
trary, they  retain  their  milk,  when  the  suckling  does  not  excite 
the  'sensation  in  which  they  feel  pleasure.  It  is  thought,  in  some 
countries,  that  serpents  know  how  to  tickle  the  teats  of  cows,  and 
that  these  animals  enjoy  this  excitement  and  allow  themselves  to 
be  sucked  by  these  reptiles. 

CCXXll.  Of  the  physical  properties  of  milk  and  of  the 
chenical  nature  of  this  fluid.  The  quantity  of  milk  is,  in 
general,  proportioned  to  that  of  the  aliments,  to  the  degree  of 
their  nutritious  qualities,  to  their  moist  and  farinaceous  nature. 
Though  it  equals,  in  w  eight,  about  one  third  of  the  quantity  of 
food  taken  by  the  nurse,  it  may  exceed  that  proportion,  or  may 
not  come  up  to  it.  Its  specific  gravity,  even  when  the  milk  is 
lightest,  is  greater  than  that  of  distilled  water,  and  is  always  pro- 
portioned to  its  consistency.  The  latter  quality  is  in  an  inferior 
degree,  in  woman,  but  is  greater  in  the  cow,  the  goat,  the  ass, 
and  the  ewe.  Its  fluidity  is  intermediate  between  that  of  aqueous 
and  oily  liquids ,  its  colour,  its  smell  and  flavour  have  something 
very  peculiar,  and  by  which  it  is  easily  recognized  ;  in  the  last  place, 
it  is  not  exactly  alike^  at  different  periods  of  the  same  milking. 
This  is  proved  by  the  work  of  M.  M.  Deyeux  and  Parmentier  on 
milk,  a  work  abounding  in  valuable  observations,  and  which  may 
be  considered  as  the  complete  history  of  this  animal  fluid.  They 
observed,  that  the  milk  first  drawn  from  the  cow  is  serous,  that  its 
consistency  gradually  increases,  and  that  the  richest  milk  is  that 
which  is  obtained  towards  the  end  of  milking,  as  if  the  fluid 
contained  in  the  udder  were  affected  by  the  laws  of  gravita- 
tion.* 

The  milk,  when  exposed  to  the  open  air,  in  a  vessel,  becomes 
decomposed,  like  the  blood,  and  separates  into  three  parts;  the 
st  rum,  the  curd  or  cheesy  part,  and  the  fatly  part  or  cream.  The 
latter,  which  is  lighter  than  the  others,  is  always  on  the  surface, 
and  its  quantity  depends,  not  only  on  the  richness  of  the  milk,  but 
also  on  the-  extent  of  the  surfaces  by  which  it  is  in  contact  with 
the  air;  and  this  proves,  as  was  first  observed,  by  Fourcroy, 
that  the  oxygen  of  the  atmosphere  has  some  influence  on  its 


'  The  antlior  semi  to  forjetthat  he  i3  ejv.iking  of  the  cow,  and  that  bcr  udder 
hangs  in  a  situation  unfavourable  to  tb*n hypothesis.  T. 
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separation.  The  caseous  part,  which  coagulates  spontaneously, 
appears  albuminous  mid  abounds  in  oxygen.  M  M.  ]-;n  m.  ntier 
and  Deyeux  consider  it  as  the  colouring  mailer  of  milk,  and  as 
giving  to  it  its  most  characteristic  propeities.  Lastly,  the  serum 
or  whey,  which  alone  constitutes  the  greatest  part  of  this  fluid, 
contains,  besides  a  peculiar  acid  (the  lactic  acid)  which  is  formed 
when  this  substAi'Ctisaliowed  to  remain  for  some  time:  a  saccharine 
matter,  which  may  be  obtained  by  evaporation,  and  which,  when 
crystallized  in  rhomboidal  parallepipeds,  constitutes  the  sugar  of 
milk,  whose  purity  depends  on  the  degree  of  care  with  which  the 
process  has  been  carried  on.  This  sugar  of  milk,  contains,  as 
Scheele  first  ascertained,  while  endeavouring,  by  means  of  the 
nitric  acid,  to  convert  it  into  the  oxalic,  a  peculiar  acid,  in  the 
form  of  a  powder,  difficult  of  :>olution,  and  to  which  he  gave  the 
name  of  saclactic  acid,  Milk  may  be  considered  as  one  of  the 
most  compound  of  the  animal  fluids,  whose  qualities  are  very  va» 
riableand  whose  parts  have  but  an  imperfect  affinity  to  each  other. 
So  that  it  is  liable  to  spontaneous  decomposition,  and  this  takes 
place  very  easily.  This  kind  of  emulsion  contains  but  a  small 
quantity  of  azote,  so  that  it  retains  its  vegetable  character.  Hy- 
dTOgen,  carbon,  and  oxygen  predominate  in  miik  ;  in  the  last 
place,  it  contains  several  salts,  amongst  others,  muriate  of  soda, 
muriate  of  potash,  and  phosphate  of  lime. 

The  presence  of  the  two  last  of  these  substances,  leads  to  the 
following  considerations.  Muriate  of  potash,  as  is  observed  by 
Rouelle,  does  not  exist  in  the  blood  ;  the  probability  is,  therefore, 
that  it  is  not  the  blood  which  supplies  the  mamma?  with  the  mate- 
rials whence  the  milk  is  secreted,  muriate  of  potash  being  found, 
in  greater  quantity,  in  milk,  than  muriate  of  soda.  These  salts  of 
potash,  on  the  contrary,  are  found,  in  considerable  proportions,  in 
the  chyle,  formed  from  vegetable  substances;  which  would  lead 
one  to  think,  that  milk  is  furnished  by  the  absorbent  system. 
The  phosphate  of  lime  w  hich  is  found,  in  smaller  quantity,  in  the 
urine  of  nurses,  and  which  is  wholly  determined  towards  the 
mammas,  was  absolutely  necessary  in  a  fluid  which  supplies  nou,. 
rishment  to  the  new  being,  while  the  bones  become  indurated  and 
all  the  parts  acquire  solidity. 

If  we  now  wish  to  inquire  info  the  causes  which  render  suction 
necessary,  and  which  subject  the  new  bom  child  to  this  pecu- 
liar mode  of  nutrition,  these  causes  w  ill  be  found  in  the  general 
weakness  of  its  organs.     The  organs  of  digestion  would  have 
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been  incapable  of  extracting,  from  the  aliments,  their  nutritive 
parts,  these  substances  not  havirtg  undergone  the  due  degree  of 
trituration,  from  the  want  of  teeth  and  from  the  imperfect  state 
of  the  other  organs  of  mastication.  It  was  of  consequence, 
therefore,  that  the  mother  should  perform  this  preliminary  func- 
tion, and  that  she  would  transmit  the  aliment  ready  digested*. 
It  is  not,  however,  to  be  imagined,  that  the  milk  passes,  with- 
out undergoing  any  change,  into  the  vessels  of  the  child  ;  the 
child  digests  the  milk  and  obtains  from  it,  in  a  short  space  of 
time,  and  without  effort,  a  considerable  quantity  df  nutritious 
particles,  necessary  to  the  rapidity  of  its  growth. 

The  connexion  between  the  mother  and  child  is  far  from  being 
broken,  at  the  period  of  birth;  the  relations  between  them, 
though  not  so  close,  are  not  less  indispensable.  Before  birth,  the 
■vital  power  was  so  limited  in  the  child,  that  it  was  necessary  it 
should  receive  a  fluid  already  animalized,  and  in  a  state  to  yield 
to  the  function  of  assimilation  and  nutrition.  When  the  child 
has  breathed,  when  its  strength  is  increased,  it  may  be  entrusted 
with  a  greater  share  of  the  process;  it  is  then  sufficient  that  the 
aliment  should  have  undergone  the  first  degree  of  elaboration, 
within  the  digestive  canal.  But  it  is  not  merely  to  assist  in  pre- 
paring its  food,  that  the  new  born  child  requires  the  aid  of  the 
mother;  its  lungs,  which  are  delicate  and  imperfectly  evolved,  do 
not  supply  a  due  quantity  of  oxygen  to  the  blood  which  circulates 
through  them  ;  the  animal  heat  Would  beunder  what  is  required  by 
the  wants  of  life,  if  the  mother  did  not  make  up  for  this  deficiency, 
by  transmitting  some  of  her  own  warmth.  She  folds  her  infant 
gently  to  her  bosom,  warms  it  with  her  breath  and  by  this  kind  of 
maternal  incubation  continues  to  cherish  it  with  that  caloriQc  in- 
fluence to  which  it  was  fully  exposed,  while  forming  a  part  of  her- 
self. Besides,  she  feels  for  it,  keeps  it  from  danger,  foresees  its 
wants,  and  understands  its  language;  and  this  very  interesting  in. 
tercourse  takes  place,  after  the  bonds  of  their  physical  communica- 
tion are  loosened,  but  it  does  not  tear  them  asunder.  Tire  infant  is, 
iherefore,  detached  from  the  mother,  only  by  degrees,  since  it 
il  only  in  proportion  as  it  grows  older,  that  it  acquires  the  means 
of  living  independent. 

*  Lac  ttt  cibus  txaete  conftitu?.    Calemis  de  U5u  pnriium. 

J.it>,  Vil,  cap.  XXII. 


512 


Ths  spcretion  of  of  milk,  in  the  breasts,  may  be  prevented  by  Ir- 
ritation in  the  uterus.  If  the  labour  have  been  difficult,  if  the 
woman  have  suffered  a  certain  degree  of  injury,  the  irritation,  in 
the  parts  so  affected,  presents  the  determination  of  the  liuids  to- 
wards the  mamma;.  Hence  these  organs  collapse,  during  puerpe- 
peral  fever,  not  that  the  milk  Hows  back  into  the  humour9  and  be- 
comes the  cause  of  the  complaint,  but  that  the  inflammation 
of  the  uterus  prevents  the  fluids  from  flowing  in  their  natural 
direction. 

During  the  first  few  day9  after  delivery,  (he  parietos  of  the 
uterus  discharge  a  fluid,  at  first  bloody,  then  of  a  reddish  colour, 
aud,  in  the  last  place,  mucous,  and  whitish,  termed  the  lochia. 

CCXXUI.  All  the  parts  of  the  lungs  are  not  distended  with 
air,  in  the  first  inspirations  of  the  child,  after  birth.  Some  of  the 
lobes,  which  are  harder  and  more  compact,  take  some  time  to 
admit  this  fluid,  and  even  sometimes,  altogether  reject  it.  A 
child  died,  twenty  one  days  after  birth;  the  body  was  opened 
by  Professor  Boyer.  On  examining  the  lungs,  he  found  that 
the  posterior  part  of  these  organs  was  as  hard  and  compact, 
as  in  the  foetal  state.  The  anterior  part  alone  was  distended, 
contained  air,  could  be  felt  to  crepitate  and  floated  in  water. 
The  heart  was  examined,  to  ascertain  whether  its  structure  was 
connected  with  this  condition  of  the  lungs,  which  depended  on 
the  want  of  power  in  the  respiratory  functions.  The  foramen 
ovale  was  found  pervious,  so  that  the  blood  could  pass  from  the 
right  into  the  left  cavities  of  the  heart,  without  flowing  through  the 
lungs.  The  child  had  been  exceedingly  languid,  during  (he 
whole  of  its  short  life;  its  skin  was,  at  times  pale,  at  others 
livid.    It  was  very  difficult  to  keep  it  warm. 

The  child  of  Madame  L'****  died,  nine  days  after  birth,  with 
the  same  appearances.  I  opened  the  chest,  aud  found  the  upper 
part  of  both  lungs  indurated  and  compact;  the  foramen  ovale  was 
quite  pervious.  Thfs  aperture  is  often  closed  very  imperfectly,  so 
thal^there  remains,  at  the  upper  part  of  it,  an  opening,  varying  in 
size,  which  would  enable  a  small  quantity  of  venous  blood  to  pass 
from  the  right  into  the  left  auricle,  if  these  cavities  did  not  con- 
tract at  the  same  moment,  and  if  the  fluid  which  they  contain  did 
net  present  equal  resistance  on  both  sizes.  There  are  cases  of 
persons  in  whom  the  foramen  ovale  remained  pervious,  and  who, 
nevertheless,  lived  to  a  pretty  advanced  nge.  Their  skin  was 
purple  and  Hvhl,  all  their  moral  and  physical  faculties  feeble  and 
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torpid.  It  would  be  interesting  to  ascertain,  by  dissection, 
whether  in  good  divers,  who  can  remain  a  long  while  under 
water,  without  breathing,  the  foramen  ovale  is  not  imperfectly 
Wosed. 

 «^xvy\.^Vs^=-  

•  CHAPTER  XI. 

■  I  mm  »  t~—  

Containing  the  History  of,  the  Jgesi  the  Temperaments  and, 
the  Varktks  of  the  Human  Species;  of  Death,  and  Pu- 

•  t  refaction. 

CCXXIV.    Of  infancy.    The  epidermis  of  the  new-born  baba 
thickens,  the  redness  of  the  skin  grows  paler,  the  wrinkles  are7 
effaced,  the  soft  down,  which  covered  the  face,  falls  and  disappears, 
the  buttocks  swell  out  and  soon  conceal  the  opening  of  the  rectum. 
During  the  first  months  of  life,  it  seems  to  need, nothing  but  nou- 
rishment  and  sleep.    In  the  mean  while,  the  understanding  is  be- 
ginning to  form,  it  looks  fixediy  at  objects,  and  seeks  to.  take  cogni- 
zance of  all  the  bodies  that  surround  it.    Confined,  at  first,  to  the' 
uneasy  sensations,  which  it  expresses  by  almost  continual  tearsy 
1:5  existence  becomes  less  painful,  as  it  grows  accustomed  to  the 
impressions  of  outward  things  upon  its  delicate  organs.  Towards 
the  middle  of  the  second  month,  it  becomes  capable  of  agreeable 
sensations.    If  it  feels  them  before  that  time,  at  least  it  is  only 
then  that  it  begins  to  express  them  by  laughing*. 

CCXXV.  Dentition.  Towards  the  end  of  the  seventh 
monthf,  the  middle  incisor  teeth  of  the  upper  jaw,  cut  through' 

*  At  Hercules  risus  precox  ille  et  celerrimus,  ante  quadrageslmum'diem' 
nalli  datur.  5  '  ' 

PUN.    Hist.  Nat.  Praf.  ad  lib. VIII. 

+  It  would  be  very  difficult  to  say,  why  a  tertian  fever  often  terminates  of 
il.ielf,  whrn  it  ha?  reached  it  seventh  paroxysm,  whilst  a  continued  fever  is: 
judged  of  by  critical  evacuations,  in  seven,  fourteen,  ct  twenty  one  days;  why 
delivery  happens  at  the  end  of  nine  months;  why  the  first  teething  begins  at 
levca  month*  old,  the  Hcood,  at  s^ven  years  ;  why  puberty  shews  itself,  towards 

3  V 
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the  Substance  of  (lie  gums:  ti  Utile  w  hile  after,  the  corresponding 
incisors  of  the  lower  jaw  shew  themselves  :  next,  the  lateral  incisors 
of  the  upper  jaw,  those  of  the  lower,  then  the  cuspidati,  in  the  same 
order.  At  the  age  of  between  eighteen  months  and  two  years, 
the  small  molar  teeth  appear,  but  in  reversed  order,  those  of  the 
lower  preceding  those  of  the  upper  jaw.  When  these  molar  teeth 
have  come  through,  the  first  dentition  is  complete  ;  the  life  of  the 
child  is  more  secure  :  it  was  before  very  uncertain,  since  the  calcu- 
lations of  the  probable  duration  of  human  life  shew,  that  a  third 
of  the  children  born  at  any  given  time,  die  before  the  age  of 
twenty  three  mouths.  Convulsions  and  dianhcas  are  the  most 
fatal  accidents  attending  difficult  dentition.  To  these  twenty 
teeth  are  added  two  new  grinders  in  each  jaw,  when  the  child 
has  reached  the  end'of  his  fourth  year.  These  last  will  afterwards 
b-eeome  the.  first  large  grinders.  They  differ  from  those  that  pre- 
cede them  in  this>  that  they  are  to  remain  all  life  lortg,  whilst  the 
primitive  or  milk  teeth  are  lost  at  seven  years  old,  in  the  same 
order  in  which  they  appeared,  and  are  replaced  by  new  teeth, 
better  formed,  and  "larger,  excepting  the  small  grinders,  and  with 
longer  and  more  perfect  roots.  Towards  the  ninth  year,  two  new 
large  grinders  appear  beyond  the  others.  The  child  has  then 
twenty  eight  teeth,  and  dentition  is  complete,  though  between 
eighteen  and  thirty, and  sometimes  much  later,  thedentes  sapientiaj, 
tw  o  to  each  ju.w,shcw  themselves  at  the  extremities  of  the  alveolar 
processes.  . 

The  order  observed  in  the  successive  cutting  of  the  teeth  is  not 
so  invariable,  but  it  is  frequently  inverted.  A  child  ten  years 
old.  now  under  my  care,  cut  the  four  first  small  grinders  before  the 
canine  teeth.  Dentition  is,  in  this  respect,  like  all  other  acts  of 
the  living  economy  :  instability  is  its  principal  character.  An 
attentive  examination  soon  shows  how  irregularly  those  pheno- 
mena proceed,   whether    physiological  or  pathological,  which 


the  fourteenth  year,  and  menstruation  is  repeated  at  determinate  periods.  Na., 
lure  appears  to  subject  herself.in  all  her  acts  <"  certain  periods,  which  obser- 
vation may  ascertain, ,  without  any  possibility  of  arriving  at  a  knowledge  of  the 
causes.of  these  phenomena  so  easy  toestablish,  Because  theirmaoifestation  iscor- 
rehiiv  to  certain  numerical  terms,  we  are  not  to  put  faith,  like  Pythagoras, 
in  th  power  of  numbers,  and  believe  that  the  number  3  and  the  numbers  1  and 
9.  enslave  all  nature  to  their  supreme  influence.'  We  find  traces  of  this 
ancient  error  in  all  sciences,  in  all  religions,  eTcn  in  (bosc  of  enlightened 
nation*. 
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appear  the  most  to  be  subjected  to  calculable  and  determinate 
periods*. 

This  double  range  of  successive  teeth  existed  in  the  jaws  of  the 
foetus.    Each  alveolar  process,  at  that  age  of  life,  contains  two 
membranous  follicles,  lying  one  over  the  other.    Ihat  which  is  to 
form  the  primitive  too,th  swells  the  first,  a  calcareous  matter  covers 
its  surface  and  forms  the  boil)  of  the  tooth,  which  invades  also  the  fol- 
licle by  which  the  osseous  part  is  secreted,  so  that  the  grow  th  of  the. 
little  bone  being  completed,  the  membranous  vesicle,  in  the  parietcs 
of  which  the  dental  vessels  and  nerves  branch  out,  is  fouud  in  the 
centre  of  its  body,  and  adheres  to  the  parietes  of  its  internal  ca- 
nity.   It  is  difficult  to  say,  why  the  growth  of  the  dental  germs  is 
successive;  why,  in  the  seventh  year,  the  primitive  teeth  are  de- 
tached, and  are  replaced  by  others  which  have  remained  so  long 
buried  within  the  alveolar  processes.    Dentitiqn  is  like  all  the 
other  phenomena  of  the  living  economy ;  it  is  subject  to  endless 
rarietes  in  its  period  and  duration,  &c.    Thus,  teeth  of  a  third  set 
have  been  known  to  be  cut  in  very  old  people.    There  are  in- 
stances, but  they  are  very  scarce,  of  children  that  have  come  into 
the  world  vyith  two  incisors  in  the  upper  jaw ;  there  are  o^ten  su- 
pernumerary teeth,  Sec. 

CCXX  VI.    Ossification.    The  process  which  goes  on  in  the 
osseous  system,  is  not  confined  to  the  cutting  and  growth  of  the 
little  bones  which  are  attached  to  the  two  jaws.    All  other  parts 
of  the  skeleton  harden;  osseous  nuclei  are  formed  in  the  centre  of 
the  cartilages,  which  hold  the  place  of  the  short  bones  of  the  carpus 
and  tarsus;  the  thickness  of  the  cartilaginous  substances,  which 
separate  the  epiphyses  pf  the  bodies  of  the  long  bones,  isdimi- 
nished;  the  large  bones  grow,  and  acquire  solidity,  from  the  cen- 
tre to  the  circumference.    Those  of  the  skull  meet  at  their  edges, 
their  fibres  cross  and  form  the  sutures;  the  cartilaginous  spaces  • 
(fontanels)  which  were  situated  at  the  meeting  of  their  edges 
and   ingles  disappear.     The  urine  contains  exceedingly  little 
phosphate  of  lime,  that  salt  being  entirely  taken  up  in  the  solidifi- 
cation of  the  bones.    About  the  middle  of  the  second  year,  these 
hare  already  acquired  substance  and  solidity  enough  to  support 
the  weight  oi  the  body  ;  the  child  can  stand  and  walk,  ik-iore 

*  See  Errror*  populiirej,  sec:  edit  :  Chip.  <1,  dit  Ann'es  climaleriques,  *L 
its  Jours  critiques  Jaiu  Its  maladies. 
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this  time,  it  would  be  dangerous  for  him  fo  try  it:  the  pillars  of 
support,  yet  too  flexible,  would  yield  under  the  burthen,  and  bend 
permanently  in  different  directions.  Jt  is  towaids  the  head,  that 
the  vital  motions  tend  in  infancy:  accordingly,  this  part'  is  the 
principal  seat  of  the  affections  peculiar  to  this  age,  affections  in 
which  it  is  often  of  use  to  procure  local  evacuations. 

The  organs  of  the  tenses,  open  to  all  sorts  of  impressions,  re- 
ceive them  with  ease  ;  but  if,  in  early  infancy,  sensation  is  easy, 
it  is  very  transient;  no  doubt  from  the  want  of  consistence  in  the 
cerebral  organ.  As  it  grows  older,  the  mobility  of  the  child  is 
lessened,  without  diminution  of  susceptibility  ;  and  it  is  during 
the  years  that  precede  the  boisterous  season  of  puberty,  that  he 
enjoys,  in  the  highest  degree,  the  faculty  of  recalling  things  that 
have  affected  him,  that  his  memory  is  most  distinct  and  extended  • 
but  soon  overpowered  by  imagination,  ronzed  up  by  the  powerful 
re-action  of  the  sexual  organs  on  the  brain,  it  ceases  to  have  the 
same  exactness. 

CCXXVII.  Of  puberty.  Sex,  climate,  manner  of  life,  have 
great  influence  on  the  earlier  or  later  manifestation  of  the  pheno- 
mena of  puberty.  Women  reach  it  one  or  two  years  before  men  : 
the  inhabitants  of  southern,  long  before  those  of  northern  coun- 
tries. Thus,  in  the  hottest  climates  of  Africa,  Asia,  and  America, 
girls  arrive  at  puberty  at  10,  even  at  nine  years  old,  but  in  France, 
not  till  twelve,  fourteen,  or  fifteen:  whilst  in  Sweden,  Russia, 
and  Denmark,  the  menstrual  discharge,  the  most  characteristic 
mark  of  puberty,  is  from  two  to  three  yeaTS  later. 

The  male  is  known  to  be  capable  of  generation,and  that  hebegins 
to  live  the  life  of  the  species,  by  the  emission  of  prolific  semen,  and 
the  change  of  voice,  which  becomes  fuller.more  grave, and  sonorous  : 
the  chin  becomes  covered  with  beard,  the  genitals  with  hair,  and 
they  attain  rapidly  their  full  size.  The  whole  body  grows ;  the  ge- 
neral characters  which  distinguish  the  two  sexes,  and  which  are 
so  obscure,  before  puberty,  that  they  may  often  be  mistaken,  be- 
come very  decided,  and  can  no  longer  he  confounded. 

By  all  these  signs  of  strength  and  virility,  woman,  urged  by  de- 
sires w  hich  may  be  termed  wants,  recognizes  the  being  capable  of 
gratifying  them.  The  change  of  voice  is  the  most  certain  of  the  in- 
dications of  male  puberty.  It  depends,  as  the  following  observa- 
tions shew,  on  the  developement  of  the  vocal  organs,  which  con- 
stantly accompanies  that  of  the  sexual  parts. 
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eOXXVUf.  A  boy,  aged  14,  died  in  the  year  VII.  nt  the 
Hospital  of  la  Charite.  On  opening  the  larynx,  I  was  sui  pi ized 
to  see  it  so  small  ;  and  especially  the  glottis,  which  was  not  above 
tire  ijnes  in  its  antero-posterior  diameter,  and  about  a  line  and  a 
half,  in  its  transverse  diameter,  where  its  dimensions  are  greatest; 
an  observation  that  must  not  be  omitted,  is,  ihat  he  was  very 
tall ;  but  that  the  developement  of  the  genital  organs  was  as  back- 
ward as  of  the  vocal.  I  have  repeated  the  same  observation  on 
subjects  further  from  the  age  of  puberty  ;  I  have  extended  my 
researches  to  those  who  had  passed  it,  and  I  have  obtained  as  a 
general  result,  that  between  the  laryuxand  the  glottis  of  a  child  of 
3  or  of  12,  the  difference  of  size  is  very  inconsiderable,  and  cannot 
be  estimated  by  the  height  of  the  figure: — 

That,  at  the  epoch  of  puberty,  the  organ  of  the  voice  enlarges 
rapidly,  and  that,  in  less  than  a  year,  the  opening  of  the  glottis 
increases,  in  the  proportion  of  5  to  10,  that  its  extent  is  thus 
doubled  both  in  length  and  breadth. 

That  these  changes  are  less  remarkable  in  women,  whose 
glottis  increases,  in  the  proportion  only  of  about  5  to  7 ;  that  in 
this  respect,  they  still  resemble  children,  as  the  tone  of  their  voice 
would  lead  us  to  suppose. 

These  differences,  in  the  size  of  the  glottis,  account  for  the 
danger  which,  in  children,  accompanies  the  croup.  For,  suppose 
an  opening  of  a  line  and  half  in  width,  of  which  the  edges  are 
covered  with  a  membrane  of  coagulable  lymph,  the  opening  will 
be  entirely  stopped  :  it  would  be  only  narrowed,  if  its  width  were 
double  :  a  sufficient  space  would  remain  free  for  the  passage  of 
the  air.  This  supposition,  which  I  have  employed  to  make  my- 
self understood,  is  only  the  expression  of  the  truth,  since  anato- 
mical inspection  shews  that  the  glottis,  in  adults,  is  double  the 
gize  it  is  Before  puberty. 

CCXX1X.  Menstruation.  The  symptoms  by  which  pubertv 
is  known,  in  women,  are  not  less  remarkable.  The  swelling  of 
the  genital  organs  straitens  the  opening  of  the  canals  that  make 
pnrtof  them.  The  breasts  become  enlarged,  and  form,  at  the 
fore  part  of  the  thorax,  marked  projections.  Further,  there 
comes  on  a  discharge  of  blood,  which  takes  place,  every  month, 
from  the  vessels  of  the  womb,  and  which  is  known  by  the  nane 
of  the  menstrual  discharge,  or  menses.  This  periodical  eva- 
cuation declares  itself,  in  most  women,  by  all  the  symptoms  thit 
indicate  fuJne?s  of  blood,  as  spontaneous  lassitude,  heat,  aid 
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flushings  in  the  face,  and  by  others,  which  shew  a  direction  of 
the  humours  towards  the  uterus,  and  a  local  plethora  of  that  or- 
gan, as  pains  in  the  Kidneys,  and  a  certain  itching  of  the  parts. 
The  first  eruption  puts  an  end  to  this  state  ;  which,  in  many,  may 
be  considered  as  real  disease.  A  pure  red  blood,  flows,  in  more 
or  less  abundance,  for  some  days,  the  general  heaviness  goes  off, 
and  the  woman  feels  herself  relieved. 

I  shall  not  now  speak  of  the  many  deviations  incident  to  the 
menstrual  discharge,  and  which  must  be  considered  as  real  diseases. 
Thus,  the  uterine  discharge  has  been  known  to  be  supplied,  by 
bleeding  from  the  nose,  haemoptysis,  melasma,  some-times  by  un- 
usual evacuations  of  blood,  from  the  eyes,  ears,  the  fore  finger, 
from  ulcerated  surfaces  over  different  parts  of  the  body. 

It  is  easily  conceived,  that  the  different  parts  of  the  sanguineous 
system  may  supply  each  others  place,  and  that  the  bloody  se- 
cretion, in  whic!)  menstruation  consists,  in  failure  of  the  internal 
surface  of  the  uterus,  may  be  carried  on  by  another  part,  equally 
provided  with  capillary  vessels:  but  that  similar  deviations  may 
take  place  for  the  fluids  secreted  by  the  conglomerate  glands,  as 
urine,  bile,  saliva,  is  difficult  to  believe,  notwithstanding  the 
many  testimonies  and  authorities  that  may  be  brought  in  sup- 
port of  this  opinion. 

The  fluids  are  not  in  existence,  before  the  work  of  secretion  ; 
the  urine,  retained  in  the  bladder  and  in  the  ureters,  the  bile 
stopped  in  the  gall  bladder  and  the  hepatic  ducts,  after  it  has  been 
prepared  by  the  peculiar  action  of  the  liver,  may.  it  is  true,  from 
absorption,  by  the  lymphatic  vessels,  be  carried  into  the  blood, 
and  produce  there  a  diseased  urinary  or  bilious  diathesis;  occasion 
an  irritation  and  derangement,  affer  which,  the  humour  of  the 
cutaneous  perspiration,  and  of  the  sweat,  and  the  saliva  itself  will 
exhibit  some  of  the  qualities  of  the  humour  retained,  and  intro- 
duced, by  the  absorbents,  into  the  circula'ion.    The  blood;  con- 
taminated by  the  admixture  of  a  certain  quantity  of  urine,  may 
pirify  itself  by  various  emunctoties,  by  urinous  vomitings  aud 
sweats;  but  that  uriue  may,  like  the  menstrua!  blood,  come  out 
at  the  eyes,  the  .  ars,  or  the  navel,  except  in  case  of  urinary  um- 
b  !ica!  fistula  ;  that  one  whose  urinary  discharge,  by  the  urethra, 
is  not  interrupted,  may  spontaneously  vomit  if,  is  what  no  man, 
who  has  any  sound  notions  on  physiology  will  believe;  and  yet 
it  is  related,  with  full  details,  in  a  late  work  ,  win  re  these  errors 
are  found,  in  the  midst  of  many  interesting  researches,  on  various 
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points  of  physiological  chemistry.  I  have  seen  myself  the  wo- 
man, whose  urine  has  been  so  well  analyzed  by  Dr.  Nysteu,. 
when  the  clinical  professor  of  medicine,  at  Paris,  obliged  her  to 
subrjit  to  a  severe  but  necessary  examination,  and  I  am  astonished, 
that  well-informed  men  should  so  long  have  given  credit  to 
such  cross  impostures.  The  reader  will,  I  hope,  excuse  this  long 
digression,  for  the  sake  of  its  importance.  Literary  criticism  i& 
now  carried  on  with  such  partiality,  that  no  journalist,  in  praising 
justly  what  is  praise-worthy,  in  the  valuable  work  of  Dr.  Nysten, 
has  pointed  out  the  imposture  of  which  he  was  the  dupe. 

At  first  irregular,  the  menstrual  discharge  assumes  regularity, 
is  repeated  every  mouth,  and  lasts  from  two  days  to  a  week, 
with  evacuation  of  from  three  ounces  to  a  pound  of  blood,  every 
time.  Women  of  sanguine  temperament,  robust  and  libidinous, 
are  those  whose  menses  last  longest,  and  flow  most  copiously. 
The  blood  is  arterial,  red,  and  has  not,  in  a  healthy  woman,  any 
of  the  pernicious  qualities  which  have  been  ascribed  to  it. 

During  the  whole  time  of  menstruation,  women  are  weaker, 
more  delicate,  more  susceptible  of  impressions;  all  their  organs 
partake,  more  or  less,  in  the  affection  of  the  uterus  ;  and  it  is  not 
difficult  to  an  observer,  of  any  practice,  to  discern  the  state,  not 
merely  by  the  state  of  the  pulse,  but  by  the  change  of  the  coun- 
tenance and  tone  of  the  voice.  Women  then  require  very  careful 
management.  An  improper  blood  letting,  a  purge,  or  any  other 
remedy  untimely  administered,  may  suppress  the  discharge,  and 
occasion  the  most  serious  affections.  Climate  evidently  influences 
the  duration  and  quantity  of  the  discharge,  since,  inAfrica,  it  flows 
almost  continually)  whilst  in  Lapland,  it  takes  place,  only  two  or 
three1  times  a  year. 

I  shall  not  dwell  upon  the  different  explanations  that  have  been 
given  of  this  phenomenon.  Some  have  ascribed  it  to  the  oblique 
position  of  the  uterus,  without  considering,  that  upon  their  prin- 
ciple, menstruation  should  take  place,  from  the  soles  of  the  feet. 
Richard  Mead  believed  that  it  depended  on  the  influence  of  the 
moon  over  the  female  system  ;  but  why  is  it  not  then  subjected  to 
the  lunar  phases  ?  Those  who  have  found  the  cause  of  it,  in  ple- 
thora, general  or  local,  have,  if  we  admit  their  explanation,  only 
changed  the  difficulty  ;  for  then,  we  must  ask  what  are  the  causes 
of  thi3  plethora?  But,  if  this  opinion  had  any  ground,  nervous 
women,  with  a  small  quantity  of  blood  in  their  system,  ought  not 
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to  menstruate  ;  and  yet  they  do  so,  plentifully.  Must  we  ascribe 
menstruation  to  an  acquired  'habit  I 

Is  the  problem  resolved,  by  saying  that  all  the  secretory  organ* 
of  women  are  too  weak  to  evacuate  the  superfluity  of  humours, 
■which  would  require  for  them  a  new  omuuetory  ?  Jiut  is  not  this 
taking  the  effect  for  the  cause  ?  Does  not  this  smaller  quantity  of 
fluids,  proceeding  from  the  blood,  arise  from  the  purification 
which  the  blood  undergoes  in  the  uterus?  Let  it  be  remarked, 
in  the  mean  time,  that  this  periodical  discharge  seems  to  exempt 
the  sex  from  many  inconveniences,  from  which  ours  suffers  ;  such 
as  gout,  stone  and  gravel,  so  unfrequent  with  them,  and  so  common 
•with  us.  Nor  can  we  avoid  recognizing,  iu  this  discharge,  a  utility 
relative  to  conception  :.  does  it  not  seem  to  dispose  the  uterus  to 
that  function?*  (CCIV).*— Was  it  not  requisite  that  this  organ 
should  be  >  accustomed  to  receive  a  great  quantity  of  blood,  that 
pregnancy,  which  calls  for  this  afflux,  might  not  be  injured,  by 
bringing  on  a  sudden  change  id  the  system,  and  the  whole  of 
the  vital  functions. 

Menstruation  is  suspended  during  pregnancy  ;  it  is  so  during  the 
first  month  of  suckling;  though  this  rule  admits  of  many  excep- 
tions. Its  cessation,  in  our  climate,  is  from  the  fortieth  to  the 
fiftieth  year;  sometimes  before,  seldom  later,:  though  I  have  now 
before  me  the  instance  of  a  woman  of  seventy,  who  has  not  yet 
ceased  to  menstruate;  a  fact,  which,  after  all,  is  nothing  more  sur- 
prising, than  that  of  menstruation  beginning  at  an  early  period  of 
life.  When  menstruation  ceases,  the  breasts  collapse,  plumpness 
goes  off  and  the  skin  shrivles,  and  loses  its  softness,  colour,  and 
suppleness.  This  cessation  is  the  cause  of  a  great  many  diseases 
which  break  out,  at  this  season  of  life,  called  the  turn  of  lif^  and 
are  fatal  to  many  women  :  but  then,  it  is  observed,  that  when  this 
period  is  past,  their  life  is  more  secure,  with  more  hope  of  pi  o- 
longing  it,  than  a  man  has,  at  the  same  age. 

CCXXX.  Of  manhood.  To  youth  succeeds  manhood  :  which 
may  be  considered  as  beginning  from  the  twenty-first  to  the 
twenty-fifth  year.  Then,  all  increase  of  the  body,  iu  height,  is  at 
an  end.  The  processes  are  completely  united  to  the  body  of  the 
bones.  But  still,  growth  goes  on  in  other  dimensions.  All  the 
organs  acquire  remarkable  hardness,  solidity,  and  consistency. 

*  The  ^renter  part  of  female  quadrupeds  have  the  parts  of  generation  balbei 
iu  a  reddish  lymph,  during  the  time  of  being  in  heat. 
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It  is  the  sime  with  the  iutellectual  and  moral  faculties.  To  the 
empire  of  imagination,  succeeds  that  of  judgment.  Man  is  ca- 
pable of  fulfilling  all  the  duties  of  family  and  society.  This  period 
of  life,  to  which  we  give  the  name  of  mature  age,  extends  to  the 
fiftieth  or  fifty-fifth  year  for  men:  it  scarcely  goes  beyond  the 
forty-fifth  for  women,  with  whom  it  begins  also  a  little  sooner. 
During  this  long  interval,  men  enjoy  the  whole  plenitude  of  their 
existence. 

Although,  in  general,  it  is  not  difficult  to  distinguish,  at  first 
sight,  a  man  of  twenty-five,  from  one  of  fifty,  the  differences  which 
mark  them,  depending  on  the  quantity  and  colour  of  their  hair, 
and  on  their  muscular  strength,  are  neither  many  nor  very  essential. 

Letus  avail  ourselves  of  this  age,  during  which  the  characters  of 
the  human  species,  merely  sketched,  in  childhood  and  youth,  take 
a  more  defined  and  lasting  form,  to  trace  the  features  of  individuals 
and  of  races. 

CCXXXI.  Of  temperaments  and  idiosyncrasies.  We  give  the 
name  of  temperaments  to  certain  physical  and  moral  differences  in 
men,  which  depend  on  the  various  proportions  and  relations 
among  the  parts  that  make  up  their  organization,  as  well  as  upon 
different  degrees,  in  the  relative  energy  of  certain  organs.  There 
is.  besides,  in  each  individual,  a  mode  of  existence  which  distin- 
guishes his  temperament  from  that  of  any  other,  to  whom,  how- 
ever, he  may  bear  great  resemblance.  We  express  by  the  terra 
idiosyncrasy ,  these  individual  temperaments,  the  knowledge  of 
which  is  of  no  small  importance,  in  the  practice  of  medicine. 

The  predominance  of  any  particular  system  of  organs,  modifies 
the  whole  economy,  impresses  striking  differences  on  the  results 
of  tKe  organization,  and  has  no  less  influence  on  the  moral  and  in- 
tellectual, than  on  the  physical  faculties.  This  predominance 
establishes  the  temperament ;  it  is  the  cause,  and  constitutes  its 
essence. 

If  the  heart  and  the  vessels  which  carry  the  blood,  through  every 
part,  are  of  predominant  activity,  the  pulse  "will  be  sharp,  fre- 
quent, regular,  the  complexion  ruddy,  the  countenance  animated, 
the  shape  good,  the  forms  softened  though  distinct,  the  flesh  of 
tolerable  consistence,  moderate  plumpness,  the  hair  fair  and  incli- 
fiing  to  chesnut;  the  nervous  susceptibility  will  be  lively,  and  at- 
tended with  rapid  successibility,  that  is  to  say,  that  being  easily 
affected  by  the  impressions  of  outward  objects,  men  of  this  tem- 
perament will  pass  rapidly  from  one  idea  to  another ;  conception 
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will  be  quick,  memory  prompt,  liio  imagination  lively  :  they  vf]\i 
he  addicted  to  the  pleasures  of  I  lie  table  and  of  love;  will  etypu  a. 
health  seldom  interrupted  by  disease  ;  and  all  their  diseases,  and 
these  slight,  modified  by  the  temperament,  will  have  their  seat 
principally  in  the  circulatory  system  (iiijlamnui/uiij  /rr.v-y,  pr  <in- 
gci>)-(e>iu/itc ;  phlegmasia;  uailc  hwrnurrhagc)  and  will  ter- 
minate^ when  moderate,  by  the  mere  force  of  nature,  ami 
require  the  use  of  the  remedies,  called  antiphlogistic,  among 
which,  bleeding  is  the  chief.  The  ancients  applied  tire  name  of 
sanguine  to  this  disposition  of  body;  they  considered  it  as  pro- 
duced by  the  combination  of  warmth  and  moisture,  and  had  Tery 
correctly  perceived  that  it  existed  in  the  young  of  both  sexes,  was 
heightened  by  the  spring,  the  season  which  has  been  justly  com- 
pared to  youth,  calling  that  age  the  spring  time  of  life. 

That  the  specific  characters  of  the  temperament  1  have  just  de- 
scribed, may  shew  themselves,  in  all  their  truth,  it  is  requisite  that 
the  moderated  developcmcnt  of  the  lymphatic  system,  coincide  with 
the  energy  of  the  sanguineous  system,  so  that  these  two  sets  of 
vascular  organs  may  be  in  true  equipoise.  The  physical  traits  of 
this  tempt  rameut  are  to  be  found  in  the  statues  of  Antinous  and 
the  Apollo  of  Belvedere.  Its.  moral  physiognomy  is  drawn  in  the 
lives  of  Mark  Antony  nnd  Alcibiadcs.  In  Bacchus  are  found 
hoth  the  forms  and  the  character.  But  w  hy  seek  amongst  the 
illustrious  men  of  antiquity,  or  among  its  Gods,  the  model  of  the 
temperament  1  have  been  describing,  whilst  it  is  so  easy  to  find  it 
among  the  moderns  ?  No  one.  in  my  opinion,  exhibits  a  more  per- 
fect type  of  it  than  the  Marshal  Duke  of  Richelieu,  that  man,  so 
amiable,  fortunate  and  brave  in  war,  light  and  inconstant,  to  the 
end  of  his  long  and  brilliant  career*. 

Inconstancy  and  levity  are,  in  fact,  the  chief  attribute  of  men  of 
this  temperament:  excessive  variety  appears  to  be,  to  them,  a  neces- 
sity as  much  as  an  enjoyment :  good,  generous,  feeling.quick,  impas- 
sioned, delicate  in  love,  but  fickle,  disgust,  in  them,  follow  s  close 
upon  enjoyment:  meditating  desertion,  in  the  midst  of  the  most 
intoxicating  caresses,  they  make  their  escape  from  beauty,  at 
the  very  moment  she  thought  to  have  bound  them  by  indissoluble 

*  See  his  Memoirs,  6  vols.  8vo. 

Voltaire  has  painted  his  character,  with  superior  ability,  in  many  verse* 
addressed  to  him. 

Rival  dvi  eonqudrant  de  I? lode, 
Tu  hois,  tu  plais,  tu  combats,  &r. 


»-hain>*.  Tn  vain  he  whom  nature  has  endowed  with  a  snhgulnd 
temperament,  will  think  to  renounce  the  pleasures  of  (he  senses, 
to  take  fixed  and  Ihstihg  likings,  to  attain, by  profound  meditation, 
tt>  the  most  abstract  truths;  mastered  by  his  physical  dispositions, 
he  will  be  for  ever  dr'neu  back  to  the  pleasures  from  which  he  Hies, 
to  the  inconstancy  \\  hich  is  his  lot:  more  fitted  to  the  brilliant 
productions  of  wit,  lhan  the  sublime  conceptions  of  gerttfls-h 
His  blood,  which  a  vast  lung  impregnates,  plentifully,  with  atmos- 
pherical oxygen,  flows  freely  in  very  dilatulile  canals,  and  this  fa- 
cility in  the  distribution  and  course  of  the  humours  is,  at  once,  the 
causeand  the  image  of  the  happy  dispositions  of  his  mind. 

CCXXXlf.  Jf  men  of  this  temperament  apply  themselves, 
from  circumstances,  to  labours  which  greatly  exert  the  organs 
of  motion,  the  muscles,  plentifully  supplied  with  nourishment, 
and  disposed  to  acquire  a  developement  proportioned  to  that  of  the 
sanguineous  system,increase  in  bulk:  the  sanguineous  temperament 
undergoes  a  great  modification  :  and  there  results  from  it,  the  mus- 
cular or  athletic  temperament,  conspicuous  by  all  the  outward 
signs  of  Tigour  and  strength.  The  head  is  very  tmall,  the  dVcle 
sunk,  especially  backward,  the  shoulders  broad,  the  chest  large, 
the  haunches  solid,  the  intervals  of  the  muscles  deeply  marked. 

The  hands,  the  feet,  the  knees,  all  the  articulations  not  covered 
bv  muscles,  seem  very  small,  the  tendons  are  marked  through  (he 
skin  which  covers  them  :  the  susceptibility  is  not  great:  filing 
duil  and  difficult  to  rouze,  (he  athlete  surmounts  all  resistance, 
when  he  has  Qnce  broken,  from  his  habitual  tranquillity.  The 

*  The  history  of  Flenry  I V.  oP  Lewis  XIV.  of  Regnard ,  and  of  Mirabcnu. 
proves  that,  to  the  extreme  love  of  pleasure,  sanguine  men  join,  wh  -n  circum- 
stance* require  if,  great  elevation  of  thought  and  cliaracter;  and  can  bring  imo 
action  ibe  highest  talents,  in  every  department, 

-f  I  have  just  met,  in  a  gazette,  with  an  assertion,  at  least  singular.  All 
Ike  world  knows,- »ay3  the  journalist,  that  Nentonwus  sanguine,  and  this 
proves  clearly,  .V  adds,  that  temperaments  have  no  influence  on  the  iutcllecturtl 
po.ti-r-.  I  would  ask  the  journalist,  where  lie  has  discovered  that  Newton  \v;:s 
sanguine.  The  few  detail*  which  biographers  have  preserved  on  the  physical 
I  i  'ament  of  Ibis  illustrious  philosopher,  lead  us  to  believe  lhattVs  tempera- 
ment was  the  melancholic,  which  is  very  frequently  met  with  in  England.  T 
will  not  dare  to  pronounce  absolutely,  on  subjects  on  which  v,  e  can  attain  only 
a  certain  degree  of  probability  ;  but,  if  New  ton  hjd  been  sanguine,  he  would 
not  have  carried  his  maidenhead  with  him  to  the  grave,  at  the  a»e  of  foutscore  j 
as  it  is  affirmed  he  did. 
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Famese  Hercules  exhibits  the  model  of  the  physical  attributes  of 
this  particular  constitution  of  body,  and  what  fabulous  antiquity 
relates  of  the  exploits  of  this  demi-god,  gives  us  the  idea  of  the 
moral  dispositions  that  accompany  it.  In  the  history  of  his  twelve 
labours,  without  calculation,  without  refWion.  and  as  by  instinct, 
we  see  him  courageous,  because  he?  is  strong,  seeking  obstacles 
to  conquer  them,  certain  of  overwhelming  whatever  resists  him: 
but  joining  to  such  strength  so  little  subtlety,  that  he  is  cheated 
by  all  the  kings  he  serves,  and  all  the  women  he  loves.  It  would 
be  difficult  to  find,  in  history,  the  example  of  a  man  who  has  com- 
bined, with  the  physical  powers  which  this  temperament  implies, 
distinguished  strength  of  the  intellectual  faculties.  For  excelling 
in  the  fine  arts,  and  in  the  sciences,  there  is  need  of  exquisite  sen. 
sibiliry,  a  condition  absolutely  at  variance  with  much  develope- 
ment  of  the  muscular  masses. 

CCXXX11I.  If  sensibility,  which  is  vivid  and  easily  excited, 
can  dwell  long  upon  one  object;  if  the  pulse  is  strong,  hard,  and 
frequent,  the  sub-cutaneous  veins  veins  prominent,  the  skin  of  a 
brown,  inclining  towards  yellow,  the  hair  black,  moderate  fulness 
of  flesh,  but  firm,  the  muscles  marked,  the  forms  harshly  expressed  ; 
the  passions  will  be  violent,  the  movements  of  the  soul  often  ab- 
rupt and  impetuous,  the  character  linn  and  inflexible.  Bold  in 
the  conception  of  a  project,  constant  and  indefatigable  in  its  exe- 
cution, it  is  among  men  of  this  temperament  we  find  those  who  in 
different  ages  have  governed  the  destinies  of  the  world  :  full  of 
courage,  of  boldness,  and  activity,  all  have  signalized  themselves 
by  great  virtues  or  great  crimes,  have  been  the  terror  or  admira- 
tion of  the  Universe.  Such  were  Alexander  and  Julius  Ca;sar, 
Brutus,  Mahomet,  Charles  XII.  the  Czar  Peter,  Cromwell, 
Sixt'is  V.  Cardinal  Richelieu. 

As  love  in  the  sanguine,  ambition  is  in  the  bilious  the  governing 
passion.  Observe  a  man,  who,  born  of  an  obscure  family,  long 
•vegetates  in  the  lower  ranks  :  great  shocks  agitate  and  overthrow 
empires ••  actor,  at  first  secondary,  of  these  great  revolutions, 
which  are  to  change  its  destiny,  the  ambitious  hides,  from  all  his 
designs,  and  by  degrees,  raises  himself  to  the  sovereign  power, 
employing,  to  preserve  it,  the  same  address  with  which  he  poss- 
essed himself  of  it.  This  is,  in  two  words,  the  history  of  Crom- 
well, and  of  all  usurpers.* 

*  Vie  d'Olivicr  Cromwel,  par  Jcudv  Di-gour,  2  vol.  lSmo. 
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To  attaiu  to  results  of  such  importance,  the  profoundest  dissi- 
rnul&ttun,  and  the  most  obstiuate  coustancy  are  equally  necessary  ; 
tht-M-  aio,  further,  the  most  eminent  qualities  of  the  bilious.  No 
out;  e\er  combined  them  in  higher  perfection,  than  that  famous 
Pope)  who  slowly  travelling  on  towards  the  pontificate,  went, 
tor  twenty  years,  stooping,  and  talking,  for  ever,  of  his  ap- 
proaching death,  and  who,  at  once,  proudly  rearing  him. 
self,  cries  out  "I  am  Pope*!"  petrifying  with  astonishmeut 
and  mortiiication,  those  whom  his  artifice  had  deceived  into 
his  party. 

Such  too  was  Cardinal  Richelieu,  who  raised  himself  to  a  rank, 
so  near  to  the  highest,  and  was  able  to  maintain  himself  in  it : 
feared  by  a  King  whose  authorily  he  established,  hated  by  the 
great,  whose  power  he  destroyed,  haughty  and  implacable  to- 
wards his  enemies,  ambitious  of  every  sort  of  glory,  &c+. 

The  historians  of  the  time  inform  us,  that  this  celebrated  minis, 
ter  shewed  all  the  customary  signs  of  the  bilious  temperament. 
Gourville  tells  us  that  be  was,  all  his  life,  subject  to  a  very  trouble- 
some hasmorrhoidal  discharge^. 

This  temperament  is  further  characterized  by  the  premature 
developemeot  of  the  moral  faculties.  Scarcely  past  their  youth, 
the  men  I  have  named  projected  aod  carried,  into  execution,  enter- 
prizt-s  which  would  have  been  sufficient  for  their  fame.  An  ex- 
cessive  developement  of  the  liver,  a  remarkable  superabundance 
of  the  biliary  juices,  most  commonly  accompanying  this  constitu- 
tion of  body,  in  which  the  vascular  sanguineous  system  enjoys 
the  greatest  energy,  to  the  prejudice  of  the  cellular  and  lymphatic 
system,  the  ancients  gave  it  the  name  of  bilious.  The  diseases  to 
which  those  distinguished  by  it  are  subject,  involve,  in  fact,  either 
a,  their  principal  characteristic,  or  as  accessary  circumstances,  or 
as  complication,  the  derangement  of  the  action  of  the  hepatic 
organs,  joined  to  changes  of  composition  in  the  bile.  Among  the 
ri-mediei  directed  against  these  sort  of  diseases,  evacuants,  and  es- 
pecially emetics,  are  the  best. 

•  fie  dt  SUte  Quint,  2  vol.  in  12. 

+  St-e  his  character  drawn,  with  as  much  truth  as  elpquencc,  by  Thomas,  in 
(he  last  edition  of  his  Euai  sur  Its  Elogu. 

\  Memoiretde  Gourville* 
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If  all  the  characteristics  assigned  to  the  bilious  temperament 
axe  carried  to  the  highest  degree  of  intensit),  and  to  this  state  is 
iulded  gn  at  susceptibility,  men  are  irraseible,  impetuous,  violent, 
on  the  lightest  occasions.  Such,  Homer  describes  Achilles,  and 
sjQine  others  of  his  heroes. 

CCXXXIV.     When,  to  the  bilious  temperament,  is  added 
diseased  obstruction  of  any  one  of  the  organs  of  the  abdomen,  or 
derangement  of  the  functions  of  the  nervous  system,  so  that  the 
vital  functions  are  feebly  or  irregularly  performed. the  skin  takes  a 
deeper  hue,  the  look  becomes  uneasy  and  gloomy,  the  bowels  slug- 
gish, ail  the  excretionsdilhcult :  the  pulse  hard  and  habitually  con- 
tracted, (serrc).  The  general  uneasiness  affects  the  mind;  theimagi- 
nation  becomes  gloomy,  the  disposition  suspicious :  the  exceedingly 
multiplied  varieties  of  this  temperament,  called  by  the  ancients  the 
melancholic,  the  diversity  of  accidents  that  may  bring  it  on,  such  as 
heredjfary  disease,  long  grief,  excessive  study,  the  abuse  of  plea- 
sures, &c.  justify  the  opinion  which  Gere  lias  proposed,  in  his  na- 
tural history  of  man,  in  a  state  of  disease,  where  he  considers  the 
melancholic  temperament  less  as  a  primitive  and  natural  constitu- 
tion, than  as  a  diseased  alfection  hereditary  or  acquired.    The  cha- 
racters of  Lewis  XI.  and  Tiberius,  leave  nothing  wanting  for  the 
moral  determination  of  this  temperament.    Read,  in  the  Memoirs 
of  Philip  de  Commines,  and  in  the  Annals  of  Tacitus,  the  history 
of  these  two  tyrants,  fearful,  perfidious,  mistrustful,  suspicion's, 
seeking  solitude  by  instinct,  and  polluting  it,  by  all  the  acts  of  the 
most  savage  atrocity,  and  the  most  ungoverned  debauch.  Distrust 
and  fearfulness,  joined  to  all  the  disorders  of  imagination,  com- 
pose the  moral  character  of  this  temperament.    The  passage  in 
which  Tacitus  paints  the  artful  conduct  of  Tiberius,  when  he  re- 
fuses the  empire,  offered  him,  after  the  death  of  Augustus,  may  be 
given  as  the  most  perfect  model  of  it.     Versa  inde  ad  Tibc- 
%'ium  pi  eces,  C)"C  Corn.  Tacit.  Annul,  lib.  I. 

As,  Professor  Piuel  very  justly  observes,  in  his  treatise  on  in- 
sanity, the  history  of  men  celebrated  in  the  sciences,  letters,  and 
arts,  has  shewn  us  the  melancholic  under  a  different  light  :  en- 
dowed with  exquisite  feeling,  and  the  finest  perception  ;  devoured 
with  an  ardent  enthusiasm  for  the  beautiful  capable  of  realizing  it 
in  rich  conceptions,  living  with  men,  in  a  state  of  reserve  border- 
ing upon  distrust,  analyzing,  with  care,  all  their  actions,  catching, 
in  sentiment  its  most  delicate  shades,  but  ready  in  unfavourable 
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interpretation?,  ami  seeing  all  things,  through  the  clingy  glass  of 
melancholy.  * 

It  is  extremely  ilill'icnlt  to  delineate  this  temperament  in  a  general 
or  abstract  manner.  Though  the  ground  work  of  the  picture  re- 
mains always  the  same,  its  numerous  circumstances  give  room  for 
an  infinite  number  of  variations.  It  is  better,  therefore,  to  have 
recourse  to  the  lives  of  illustrious  men,  who  have  exhibited  it  in  all 
its  force.  Tasso,  Pascal,  J.  J.  Rousseau,  Gilbert,  Zimmerman, 
are  remarkable  among  many  others,  and  deserve,  by  their  just  ce- 
lebrity, to  fix  our  consideration.  The  first,  born  in  the  happy  cli- 
mate of  Italy,  proscribed  and  unhappy  from  his  childhood,  author, 
at  twenty. two  years  old,  of  the  finest  epic  Poem,  the  moderns  can 
boast  of,  seized  in  the  midst  of  the  enjoyments  of  prema- 
ture glory,  with  the  most  violent  and  most  inauspicious  love  for 
the  sister  of  the  Duke  of  Ferrara,  at  whose  court  he  lived  :  an  ex- 
travagant passion,  which  was  the  pretext  of  the  most  cruel  perse- 
cutions, and  which  followed  him  to  his  death;  which  took  place, 
towards  the  thirty-second  year  of  his  age,  on  the  eve  of  a 
triumphal  pomp  which  was  prepared  for  him  in  thecapitol. 

The  author  of  the  Provincial  Letters,  and  of  the  Thoughts,  en- 
joying, like  Tasso,  a  premature  celebrity,  almost  on  quitting 
childhood,  was  led  to  melancholy,  not  like  him  by  the  crosses  of 
unhappy  love,  but  by  a  violent  and  overpowering  terror  which 
left,  in  his  imagination,  the  sight  of  a  gulph  for  ever  open  at  his 
side  :  an  illusion  which  left  him  only  at  his  death,  eight  years  after 
the  accident*. 

No  one,  perhaps,  has  ever  shewn  the  melancholic  temperament, 
in  a  higher  degree  of  energy,  than  the  philosopher  of  Geneva. 
To  be  convinced  of  it,  it  is  enough  to  read,  with  attention,  certain 
passages  of  his  immortal  works,  and  especially  the  two  last  parts 
of  his  confessions,,  and  the  Reveries  in  the  solitary  walker :  tor- 
mented with  continual  distrusts  and  fears,  his  fruitful  imagination 
represents  to  him  all  men  as  enemies.  If  you  believe  him,  the 
whole  human  race  is  in  league  to  do  him  mischief,  "  Icings  and  fiu- 
thns  have  conspired  together,  against  1 'he  son  of  a  poor  zcatch- 
maker;'''  children,  and  invalids  are  brought  in  to  execute  these 
dreadful  plots.  But  let  us  leave  him  to  speak  for  himself,  the  most 
♦.loquent  and  most  unfortunate  man  of  the  eighteenth  centurv  : 
**  Here  then  I  am,  alone  upon  the  earth,  without  brother,  neigh* 


'  He  died  at39.    See  his  life  by  Condorcct. 
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W,  friend,  without  society  but  myself ;  the  roost  sociable  and 
the  most  loving  of  men  has  been  proscribed  by  them,  with  unani. 
mous  consent."    This  is  the  beginning  of  the  first  walk  :  further 
on  he  adds,  «  Could  I  believe  that  I  should  be  held,  without  the 
smallest  doubt,  for  a  monster,  a  poisoner,  an  assassin,  that  J 
should  become  the  horror  of  the  human  race,  and  the  game'  of  the 
rabble;  that  all  the  salutation  of  those  that  passed  by  me,  would 
be  to  spit  upon  me;  that  a  whole  generation  would  amuse  itself, 
with  unanimous  consent,  in  burying  me  alive  ?"    It  is  idle  to  mul- 
tiply  quotations,  in  speaking  of  the  works  of  a  philosopher,  who^ 
in  spite  of  his  errors  will,  for  ever,  be  the  delight  of  all  those  who' 
love  to  read  and  to  think. 

The  history  of  J.  J.  Rousseau,  like  that  of  all  the  melancholic* 
■who  have  distinguished  themselves  in  literature,  shews  us  genius 
struggling  with  misfortune;  a  strong  soul  lodged  in  a  feeble  body, 
at  firstgentle,  affectionate,  open  and  tender,  soured  by  the  sense 
of  an  unhappy  condition,  and  of  the  injustice  of  men.    Till  the 
time  when,  impelled,  by  the  desire  of  fame,  Rousseau  sprang 
forward  in  the  career  of  letters,  we  see  him  endowed  with  a 
sanguine  temperament,  acting  with  all  the  qualities  belonging  to  it» 
gentle,  loving,  generous,  feeling,  though  inconstant:  his  fertile 
imagination  shews  him  nothing  but  gay  images,  and,  in  this  illusion 
of  happiness,  he  lives  on  agreeable  chimeras:  but  gradually  unde- 
ceived by  the  hard  lessons  of  experience,  afflicted,  in  the  depth  of 
his  heart,  with  his  own  wretchedness,  and  the  wrongs  of  his  fellow- 
creatures,  his  bodily  vigour  wastes  and  decays,  with  it  his  moral 
uature  changes,  and  he  may  be  referred  to  as  the  most  striking 
proof  of  the  reciprocal  influence  of  the  moral  on  the  physical,  and 
the  physical  on  the  moral  part  of  our  being*.    His  history  is  a 
proof,  beyond  reply,  that  the  melancholic  temperament  is  less  a 
peculiar  constitution  of  the  body  than,  u  real  disease,  of  which  the 


*  I  have  no  doubt  that  the  influence  of  the  physical  organization  on  the  in- 
tellectual faculties  is  so  decided,  that  we  may  regard  as  possible  the  solution  of 
the  following  problem,  analogous  to  that  with  which  Condillac  concludes  his 
work  on  the  origin  of  human  knowledge. 

The  physical  man  being  given,  to  determine  the  character  and  extent  of  his  ca- 
pacity, and  to  assign,  consequently,  not  only  the  talents  he  possesses,  but  those  ht 
is  capable  of  acquiring.  , 

The  profound  meditation  of  the  work  of  Galen  (quod  animi  mores  corporis 
temperamenta  sequantur ) ;  the  perusal  of  Plutarch's  Lives  of  Illustrious  Men, 
*nd  of  the  other  biographer*  and  historians  of  ancient  and  modern  times ;  of  tlit 
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degrees  may  infinitely  vary,  from  a  mere  originality  of  charac- 
ter, to  the  most  decided  mania. 

Gilbert  arrives  at  Paris,  with  the  germs  of  talents  fitted  for 
that  great  theatre.  Poor  and  rebuffed  by  those  on  whom  he  had 
built  his  hopes,  he  mixes  in  the  rank6  of  their  detractors,  and  soon 
signalizes  himself,  among  the  most  formidable,  by  a  vigour  Worthy 
of  a  better  cause.  Persecuted,  without  respite,  by  want; the  mor- 
ticing sight  oi*  the  happiness  which  his  enemies  enjoyed,  and  to 
which  he  believed  himself  called,  led  him  on  to  a  slate  of  perfect 
madness.  He  believes  himself  persecuted  by  the  philosophers, 
who  want  to  rob  him  of  his  papers:  to  save  them  from  their 
imagined  rapacity,  he  locks  his  manuscripts  in  a  press,  and  swal- 
lows the  key.  It  sticks  at  the  entrance  of  the  laryox,  stops  the 
passage  of  the  air,  and  sufi'ocates  the  patient,  who  dies,  at  the  IIo- 
tel-Dieu,  after  three  days  of  the  most  cruel  sufferings.* 

Zimmerman,  early  exhausted  by  study,  already  a  physician  of 
celebrity,  at  an  early  age,  lives  in  solitude  with  an  ardent  ima- 
gination joined  to  the  highest  susceptibility:  abandoned  to  him- 
self, devoured  with  the  thirst  of.  glory,  he  gives  himself  up  to  la, 
bour  in  excess,  publishes  his  Treatise  on  Experience,  and  the  work 

Eulogies  of  Fontenelle,  Thomas,  D'Alembert,  Condorcet,  Vicq-d'Ayzr, 
&c.  and  the  study  of  the  medico-philosophical  works  of  JIaller,  Gullen, 
Cabanis,  Pinel,  Halle,  who  have  modified  and  enriched  the  ancient  doctrine  of 
temperaments,  will  be  of  great  avail  in  the  search  of  this  solution.  ,l  Philoso- 
phy," cries  an  eloquent  writer,  in  the  noble  enthusiasm  which  seizes  him  at 
the  sight  of  the  riches  accumulated  by  Fontana,  in  the  Anatomical  Museum  a' 
Florence,  "  Philosophy  has  been  in  (he  wrong, not  to  descend  more  deeply  into 
physical  man  ;  there  it  is  that  the  moral  man  lies  concealed  ;  the  outward  man 
is  ouly  the  shell  of  the  man  within." 

DUPATY,  33rd  Idler  on  Italy, 
*  His  life  would  have  been  preserved,  if  the  cause  of  his  illness  had  been  un- 
derstood, which  he  indicated  himself  by  repeating  forever  "  the  key  cliokes 
me."  Jlis  state  of  madness  made  this  pass  for  the  words  of  a  madman  :  but  on 
opening  the  body,  the  key  was  found,  of  which  the  ward  part  was  fixed  a f 
the  entrance  of  the  larynx:  it  would  have  been  easy  to  draw  it  out  bv 
putting  a  finger  down  the  throat. 

This  unfortunate  young  man  expressed,  a  few  days  before  his  death,  theme-  ' 
lancholy  3tate  ofhis  soul,  in  stanzas  mo3t  touchingly  mojrnful ;  this  is  one,  ful 
of  interest  and  simplicity  : 

An  banquet  de  la  vie  iufortunc  convive, 

Je  parol  unjour,  ct  je  meurs  ; 
Jc  nicurs  el  sur  matombcou  lentement  j'anive 
>ul  ne  viendra  verscr  des  pleurs. 

3  y 
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©n  Solitude,  so  deeply  imbued  with  the  colouring  of  his  soul. 
Forced  from  the  solitude  he  loves,  he  carries,  into  the  courts  to 
which  his  reputation  calls  him,  an  inexhaustible  store  of  bitter- 
ness and  sadness,  which  political  events  supervening  brought  to 
greater  excess  :  armed  at  length  gradually  at  the  last  term  of 
hypochondria,  he  dies  beset  with  pusillanimous  fears,  worthy  of 
all  eulogium  and  all  regret.* 

CCXXXV.    if  the  proportion  of  the  fluids  to  the  solids  is  too- 
great,  this  superabundance  of  the  humours,  which  is  constantly  in 
favour  of  the  lymphatic  system,  gives  to  the  whole  body  consi- 
derable bulk,  determined  by  the  developement  and  repletion  of 
the  cellular  tissue.    The  flesh  is  soft,  the  countenance  pale,  the 
hair  fair,  the  pulse  weak,  slow,  and  soft,  the  forms  rounded  and 
without  expression,  all  the  vital  actions  more  or  less  languid,  the 
memory  treacherous,  the  attention  not  continuous.    Men  of  this 
temperament,  to  which  the  ancients  gave  the  name  of  pituitous, 
aud  which  we  should  call  lymphatic,  because.it  depends  really  on 
the  excessive  developement  of  this  system,  have,  in  general,  an 
insurmountable  inclination  to  sloth,  averse  alike  to  labours  of  the 
mind  and  body  :  accordingly,  we  are  not  to  wonder,  if  we  find 
none  of  them  among  Plutarch's  Illustrious  Men.    Little  fitted  for 
business,  they  have  never  exercised  great  empire  over  their  fellow 
creatures,  they  have  never  changed  the  face  of  the  globe,  by  their 
negotiations  or  their  conquests.    One  of  the  friends  of  Cicero, 
Pomponius  Atticus,  whose  history  Cornelius  Nepos  has  left  us, 
conciliating  to  himself  all  the  factions  which  tore  the  Roman  re- 
public to  pieces,  in  the  civil  wars  of  Caesar  and  Pompey,  may  be 
given  as  the  model  of  it.    Among  the  moderns,  the  easy  Michel 
Montaigne,  all  whose  passions  were  so  moderate,  who  reasoned 
on  every  thing,  even  on  feeling,  was  truly  pituitous.    But,  in  him, 
the  predominance  of  the  lymphatic  system  was  not  carried  so  far, 
but  that  ho  joined  to  it  a  good  deal  of  nervous  susceptibility.  In 
the  pituitous,  from  the  excess  of  watery  particles  in  the  lluid  which 
should  carry  every  where  heat  and  life,  the  circulation  goes  on 
slowly,  the  imagination  is  weak,  the  passions  languid  :  and,  from 
this  moderation  of  the  desires,  spring,  on  many  occasions,  those 
virtues  of  temperament,  which,  to  say  it,  by  the  bye,  should 

*  See  his  Eulogium  by  Tissot ;  it  is  at  the  beginning  of  the  last  edition  of 
the  Treatise  on  Experience  in  Medicine.  It  there  appears  how  deeply  he  was 
affected  by  the  French  revolution,  of  which  lie  foresaw,  with  a  sort  of  prophe- 
tic spirit,  the  disastrous  consequences  to  his  own  country. 
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not  supply  their  possessors  with  matter  of  quite  so  much  self- 
complacency. 

CCXXXVt.  This  property  by  which  we  are,  more  or  less, 
sensible  to  impressions  on  our  organs,  weak  in  the  pituitous, 
almost  nothing  in  athletes,  moderate  in  those  of  sanguine  temper- 
ament, rather  quick  in  the  bilious,  constitutes,  by  its  excess,  the 
nervous  temperament ;—  seldom  natural  or  primitive,  but  commonly 
acquired,  and  depending  on  a  sedentary  and  too  inactive  life,  on, 
habitual  indulgence  in  sensuality,  on  the  morbid  action  of  the 
brain  promoted  by  reading  works  of  imagination,  &c.  This  tem- 
perament shews  itself  in  the  emaciation,  in  the  smallness  of  the 
muscles,  soft,  audasit  were,  in  an  atrophy,  in  the  vivacity  of  the 
sensations,  in  the  suddenness  and  mutability  of  the  determinations 
and  judgments.  Nervous  women,  whose  wills  are  absolute  but 
changeable,  with  excess  of  sensibility,  frequently  exhibit  it  with 
all  these  characteristics.  Often,  however,  they  have  something  of 
good  looks,  the  extreme  preponderance  of  the  nervous  system 
still  allowing  a  moderate  developement  of  the  lymphatic.  Spas, 
modic  affections  are  not  uncommon  among  them;  and  when  it  is 
observed  that,  on  the  other  hand,  the  athletic  constitution,  directly 
opposite  to  the  nervous  temperament,  predisposes  to  tetanus, 
may  we  not  say,  that  the  two  extremes  meet,  or  produce  the  same 
effects? 

Anti-spasmodics  are  employed,  with  success,  in  the  treatment 
of  their  diseases,  which  partake  always,  more  or  less,  of  the 
temperament.  Stimulants,  on  the  contrary,  are  very  suitable  to 
those  of  a  pituitous  or  lymphatic  temperament.  The  nervous 
temperament,  like  the  melancholic,  is  not  so  much  a  natural  con- 
stitution of  the  body,  as  the  first  stage  of  a  disease.  This  tempera- 
ment, like  the  nervous  affections  which  are  the  result  of  it,  has 
never  shewn  itself  but  among  societies  brought  to  that  state  of 
civilization,  in  which  man  is  the  farthest  possible  from  nature. 
The  Roman  ladies  became  subject  to  nervous  affections,  only  in 
consequence  of  those  depraved  manners  which  marked  the  de- 
cline of  the  Empire.  These  affections  were  extremely  common 
in  France,during  the  eighteenth  century,  and  in  the  times  preceding 
the  fall  of  the  monarchy.  Of  that  epoch,  are  the  works  of  Wy  tt, 
ilaulin,  Lorry,  Pomme,  &c.  on  nervous  affections.  Tronchin,  a 
Genevese  physician,  acquired  great  wealth  and  reputation  by  the 
treatment  of  these  diseases.  His  whole  secret  consisted  in  exer- 
cising to  fatigue,  women  habitually  inactive,  keeping  up  their 


Strength,  at  the  same  time,  by  simple,  healthy,  and  plentiful, 
food.  The  two  most  remarkable  men  of  the  eighteenth  cen- 
tury, Voltaire  and  the  great  Frederick,  may  be  given  as  in- 
stances of  the  nervous  temperament;  and  the  history  of  their  bril- 
liant and  agitated  life,  shews,  sufficiently,  how  much  the  cir- 
cumstances in  which  they  lived,  contributed  to  develope  their  na- 
tive dispositions. 

f  shall  finish  this  article  on  temperaments  by  observing,  that  in 
truth,  we  bring  VTjth  us  into  the  world  these  particular  dispositions 
of  body  ;  but  that  from  education,  manner  of  life,  climate,  acquired 
habits,  they  are  altered,  or  altogether  changed.  Further,  it  is 
exceedingly  rare  to  find  individuals,  who  shew,  in  their  purity 
the  characters  assigned  to  the  different  temperaments  :  the  descrip- 
tions given  are  drawn  from  an  assemblage  of  individuals,  much  re- 
sembling one  another.  Their  characters  are  pure  abstractions, 
tyhich  it  is  difficult  to  realize,  because  all  men  are  at  once  san- 
guine and  bilious,  sanguine  and  lymphatic,  &c.  In  this  instance, 
physiologists  have  imitated  the  artist,  who  united  in  the  image  of 
the  goddess  of  beauty,  a  thousand  perfections  which  he  saw  sepa- 
rate in  the  most  beautiful  w  omen  of  Greece*. 

It  is  an  observation  that  the  sanguine  constitution  is  directly  op- 
posed to  the  melancholic,  and  never  combines  with  it;  that  it  is 
the  same  with  the  bilious  and  lymphatic:  though  it  may  happen 
that  a  man,  sanguine  in  youth,  shall  become  melancholic  after  a 
lapse  of  time;  fcY,as  1  have  said  before,  man  never  remains  such 
as  he  came  from  the  hands  of  Nature;  fashioned  by  all  that  sur- 
rounds him,  his  physical  qualities,  at  different  periods  of  his  life, 
are  as  much  changed  as  his  character. 

Of  all  the  causes  that  can  modify  the  nature  of  man,  and  which 
■will  even  change  completely  the  nature  of  his  native  dispositions, 
there  is  none  more  powerful  than  the  long-continued  action  of  air, 
•water,  and  residence,  as  the  Father  of  Medicine  has  said.  Climate, 
in  fact,  exerts  upon  the  temperament  the  most  marked  influence. 
Thus,  the  bilious  temperament  is  that  of  the  greater  part  of  the 
inhabitants  of  southern  countries  ;  the  sanguine  that  of  the  nations 
of  the  north;  the  lymphatic  constitution  reigns,  on  the  contrary, 
in  cold  and  moist  countries,  like  Holland.    We  have  seen  in  what 


*  It  ii  thus  that,  In  the  arts  of  imitation,  the  ideal  crows  up  ;  now,  from  theex- 
ngircration  of  features,  now,  from  the  union  of  qualities  which  .Nature  has  pro- 
duced separate. 


manner  the  athletic,  melancholic,  and  nervous  temperament  grows 
out  of  our  habits  of  life:  let  us  now  endeavour  to  appreciate 
the  power  of  climate  over  the  constitution  of  the  greater  part  of 
mankind. 

It  is  known,  that  the  influence  of  heat,  in  the  production  of 
bilious  diseases  is  such,  that  after  having  been  extremely  prevalent, 
during  the  summer,  th«y  disappear,  or  at  least  become  much  less 
frequent,  in  the  autumn.  A  notable  increase  of  perspiration  never 
takes  place,  without  a  proportional  diminution  in  the  quantity  of 
the  liquids  with  which  the  alimentary  surfaces  are  moistened. 
Nov,  when  the  gastric  juice  is  less  abundant,  the  bile,  being 
mixed  with  a  smaller  quantity  of  serosities,  irritates  more  the  intes- 
tinal surfaces;  the  digestive  powers  languish,  and  there  is2n  ap- 
proaching disposition  to  meningo-gastric  fevers.  The  same  in- 
fluences,continued  during  the  whole  year  in  hot  countries,must  ne- 
cessarily increase,  with  the  activity  of  the  biliary  system,  its  power 
over  the  other  parts  of  the  economy,  and  thus  establish  a  pre- 
dominance of  the  bilious  constitution,  through  both  health 
and  disease. 

As  for  the  sanguine  temperament,  so  generally  met  with  among 
northern  nations,  it  is  the  necessary  consequence  of  the  continual 
and  very  energetic  reaction  of  the  powers  of  circulation,  against 
the  effects  of  external  cold.  It  is  only  by  the  constant  activity  of 
the  heart  and  vessels,  that  calorification  can  be  effected  with  the 
necessary  vigour.  Now,  the  effects  of  this  redoubled  action  are 
the  same  to  the  organs  of  circulation,  as  to  the  muscles  under  the 
influence  of  volition :  in  both,  exertion  increases  the  power  of  the 
organs  exerted.  The  diseases  of  tho  nations  of  the  North,  ana- 
logous to  their  temperament,  have,  for  the  most  part,  their  seat 
in  tho  system  of  sanguineous  vessels  :  their  character  is  eminently 
inflammatory. 

Lastly,  the  lymphatic  state  of  nations,  living  under  a  moist  cli- 
mate, is  nothing  more  surprising  than  the  aqueous  nature  of 
plant=,  and  small  density  of  the  wood,  in  trees  growing  under  the 
influence  of  a  foggy  air.  Animal  bodies,  like  plants,  absorb  by 
their  surface?,  and  become  gorged  with  humours,  the  excess  of 
which  always  produces  a  remarkable  slackening  of  activity  in  the 
organic  motions. 

The  temperament  of  which  the  character  is  the  predomi- 
nance 6f  one  organ  or  system  of  organs,  departs  from  that  ideal 
state,  where  all  the  powers  are  reciprocally  balanced,  so  as  tu 
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exhibit  in  (he  living  economy,  a  perfect  equilibrium.    This  states 
■which  has  perhaps  never  been  found,  but  in  the  imaginations  of 
physiologists,  and  which  was  called  by  the  ancients,  the  temperate 
temperament,  temperumentum  tcmperatum,  being  taken  as  the 
type  of  health,  it  follows  that  this  temperament  is  already  a  step 
made  towards  disease.    Yet  the  action  of  the  predominant  system 
is  not  in  such  excess  as  to  destroy  all  equilibrium,  and  impede  the 
fiction  of  life  :  but  let  the  constitutional  dispositions  be  much  in- 
creased, the  disease  is  begun,  and  this  transition  takes  place,  in  the 
conversion  of  the  lymphatic  temperament  into  scrophula*.    In  the 
scrophulous  constitution,  there  is,  at  once,  activity  of  the  absorb- 
ing mouths,  great  facility  of  absorption,  inertness  of  the  vessels  and 
lymphatic  glands,  weakness  of  the  absorbents,  and  consequently 
a  thickening  and  stagnation  of  the  liquids  absorbed.    The  same 
thing  is  seen  in  the  lymphatic  temperament,  characterized  by  the 
activity  of  the  inhaling  mouths,  and  the  debility  of  the  lymphatic 
system,  as  Professor  Cabanis  was  awaret,  when  he  refuted  the 
opinion  of  those  who  ascribe  the  lymphatic  temperament  to  the 
excess  of  activity  in  the  absorbent  system,  though  the  only  part  of 
this  system  really  quickened,  is  that  which  immediately  performs 
absorption,  whilst  the  rest  is  in  a  state  of  perfect  atony. 

CCXXXVTI.  Varieties  of  the  human  species.  The  power 
of  producing,  by  copulation,  like  individuals,  is  considered,  by 
naturalists,  as  the  most  certain  test  for  fixing  the  species  in  red- 
and  warm-blooded  animals.  This  power  of  self  perpetuation,  by 
a  constant  succession  of  similar  beings,  is  found  in  all  the  races 
composing  the  human  species,  however  different  in  colour,  struc- 
ture, and  manner  of  life.  Men,  then,  are  but  one  species,  and  the 
difference  that  appears  in  them,  according  to  the  region  of  the 
globe  they  inhabit,  can  only  constitute  varieties  or  races.  I  admit, 
with  M.  Lacepede,  the  worthy  continuator  of  Button,  four  prin- 
cipal races  of  the  human  species,  which  I  shall  call,  like  him,  the 
European,  Aral),  the  Mogul,  the  Negro,  and  the  Hyperborean, 
We  might  add  a  fifth,  of  the  American,  were  it  not  most  probable, 

*  See  Nosographie  Chhurgicah,  tome  I.  for  the  history  of  scrophulous 
ulcers,  from  which  this  paragraph  is  taken  entire.    The  author,  in  that  workv 
has  aimed  at  introducing  physiology  into  surgery,  till  then  exclusively  abau- 
Uoned  to  explanations  of  the  grossest  mechanism. 

t  Of  the  relations  of  the  physical  and  moral  man,  by  G.  Cabanis,  Senator, 
Professor  in  toe  School  of  Medicine,  ia  Paris,  &c. 


535 


that  (ho  new  Continent  is  peopled  by  inhabitants,  who,  coining 
front  the  old,  either  by  land  in  the  austral  hemisphere,  or  along 
the  immense  Archipelago  of  the  Pacific  Ocean,  have  been  altered 
by  the  influence  of  that  climate,  and  the  yet  virgin  soil,  so  that 
they  are  to  be  regarded  less  as  a  distinct  race  than  a  simple 
variety. 

There  is,  iu  truth,  this  difference  between  varieties  and  races, 
that,  in  these  last,  there  are  implied,  modifications  more  profound, 
more  essential  differences,  changes  not  confined  to  the  surface, 
but  extending  to  the  very  structure  of  the  body  ;  whereRS,  to  make 
a  variety,  nothing  more  is  needed,  than  the  superficial  influence  of 
climate  on  the  integuments  which  it  colours,  and  on  the  hairs 
which  it  makes  longer  or  shorter,  lank  or  curled,  hard  or  soft. 
An  Abyssinian,  scorched  by  the  heat  of  an  almost  tropical  sky, 
is  as  black  as  the  negro  under  the  equator:  yet  they  are  by  no 
means  of  one  race,  since  the  Abyssinian,  a  negro  only  in  colour, 
resembles  the  European  in  the  cast  of  his  face,  and  the  proportions 
of  all  his  parts. 

The  characteristics  of  the  European  Arab  race,  which  takes  in. 
the  inhabitants,  not  of  Europe  only,  but  of  Egypt  also,  Arabia, 
Syria,  I3arbary,  and  Ethiopia,  arc  an  oval,  or  almost  oval  face,  in 
the  vertical  direction,  a  long  nose,  a  prominent  skull,  long  and 
commonly  lank  hair,  a  skin  more  or  less  white.  These  fundamen- 
tal characteristics  are  no  where  more  decided  than  in  the  north  of 
Europe.  The  inhabitants  of  Sweden,  Finland,  and  Poland,  give 
the  prototype  of  the  race:  their  stature  is  tall,  their  skin  of  perfect 
■whiteness,  their  hair  long,  lank,  and  of  a  light  colour;  the  colour 
of  the  iris  generally  bluish.  The  Russians,  the  English,  the 
Danes,  the  Germans,  are  already  somewhat  removed  from  this 
'primordial  type:  the  colour  of  their  skin  is  of  less  pure  white, 
their  hair  of  a  deeper  hue.  The  French  seem  to  stand  midway  be- 
twixt the  nations  of  the  North  and  those  of  the  South  of  Europe. 
Their  skin  is  shaded  with  a  deeper  dye,  their  hair,  less  straight, 
and  more  of  a  chesnut  and  brown  colour.  The  Spaniards,  the 
Italians,  the  Greeks,  the  European  Turks,  and  the  Portugueze, 
are  browner,  their  hair,  in  general,  black.  Lastly,  the  Arabs,  the 
Moon,  and  the  Abysdnians,  have  hair,  in  some  measure,  black  and 
cn-p,  the  skin  tawny,  and  might  serve  for  the  step  from  the  Euro- 
pean Arab  to  the  Negro  race  :  which  is,  however,  distinguished 
from  them,  by  the  flattening  of  the  forehead,  the  smallness  of  the 
«kull,  the  slope  of  the  line  measuring  the  height  of  the  face,  the 
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thickness  of  the  lips,  the  projection  of  the  malar  bones,  and  further, 
by  a  darker  skin,  thicker,  greasy,  and,  as  it  were,  oily,  as  well  as 
by  shorter,  finer,  curly,  and  woolly  hair. 

The  Mogul  race  has  the  forehead  Hat,  the  skull  jutting  but  little, 
the  eyes  looking  rather  obliquely  outwards;  the  cheeks  are  pro? 
ininent,  and  the  oval  of  the  face,  instead  of  extending  from  the 
forehead  to  the  chin,  is  drawn  between  the  two  malar  bones.  The 
Chinese,  the  Tartars,  the  inhabitants  of  the  Peninsula,  of  the 
Ganges,  and  of  the  other  countries  of  India,  of  Toiiquin,  Cochin. 
China,  Japan,  of  the  Kingdom  of  Siam,  &c.  compose  this  race, 
more  numerous  than  all  the  others,  and  apparently  more  ancient 
also,  which  is  spread  oyer  a  far  greater  extent  than  the  European 
Arab  race,  and  yet  more,  than  the  Negro  race,  since  it  reaches 
from  the  fortieth  to  the  sixtieth  parallel  of  latitude,  occupying  an 
arc  of  the  meridian  of  nearly  75°,  whilst  that  which  measures 
the  countries  of  the  European  race  is  only  of  50°,  and  the 
Negro  race  lying  under  the  equator,  between  the  tropics  of  Can- 
cer and  of  Capricorn,  is  bounded  within  the  limits  of  an  arc  of 
from  30  to  35?.* 

The  Hyperborean  race,  situated  in  the  North  of  the  two  contu 
nents,  in  the  neighbourhood  of  the  polar  circles,  composed  of 
the  Laplanders,  the  Ostiaks,  the  Samoiedes,and  the  Greenlanders, 
is  characterized  by  a  flat  flace,  o  squat  body,  and  a  very  short 
stature.  This  degraded  portion  of  the  human  species  derives, 
evidently,  from  the  climate,  its  distinctive  characteristics.  Striving, 
for  ever,  with  the  inclemency  of  a  severe  climate,the  destructive  ac- 
tion of  an  icy  temperature,  Nature,  fettered  in  her  motions,  shrunk 
in  her  dimensions,  can  produce  only  beings  whose  physical  im- 
perfections explain  their  almost  barbarous  condition. 

The  small  progress' of  the  Negroes  in  the  study  of  the  sciences, 
and  in  civilization,  their  decided  taste,  and  singular  aptitude  for  all 
the  arts  which  require  more  taste  and  dexterity,  than  understanding 
and  reflexion, as  dancing,  music,  fencing,&c.  the  figure  of  the  head, 
which  is  midway  between  that  of  the  European  and  the  ourang- 
outangt,  the  existence  of  the  intermaxillary  bones,  at  an  age} 

*  Lacepede,  Geographie  Zoologique. 

+  The  black  colour  of  the  skin,  in  Negroes,  seems  owing,  as  I  have  already 
toM,  to  the  scorching  of  the  gelatin?,  which  is  the  base  of  the  rele  mucosum  <>f 
MQlpighi.    This  colour,  acquired  in  a  long  succession  of  ages,  perpetuate .1  and 
transmitted  by  generation,  is  become  ouc  of  the  characteristic  feature*  of  the 
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when,  With  us,  the  traces  of  their  separation  arc  completely  ef- 
faced ;  the  high  situation  and  small  developement  of  the  calf  of  the 
les;,  have  been  arguments  more  specious  than  solid  to  those  who 
have  endeavoured  to  abase  this  portion  of  the  human  species,  in 
order  to  justify  an  iniquitous  traffic,  and  a  cruel  tyranny  ;  re- 
proaches of  civilized  men,  which  they  must  wipe  off  by  other 
means  than  a  presumptuous  assertion  of  their  own  dignity,  or  a 
proud  insult  ou  the  native  character  of  those,  whom  they  them- 
selves have  cast  into  degradation. 

"Without  admitting  this  belief,  which  owes  its  origin  to  a  thirst 
of  riches,  we  cannot  help  acknowledging  that  the  di (Terences  of 
organization,dra\v,afler  them, a  striking  inequality  in  the  develope- 
ment of  the  moral  and  intellectual  faculties.  This  truth  would 
appear,  in  its  full  light,  if,  after  summarily  indicating,  us  T  have 
just  done,  the  physical  characteristics  of  the  races  of  men,  I  could 
unfold  their  moral  differences,  as  real,  and  not  less  marked  :  op- 
posing the  activity,  the  versatility,  the  restlessness  of  the  European, 
to  the  indolence,  the  phlegm,  the  patience  of  theAsiatic,examiniug 
what  is  the  power,  on  the  character  of  nations,  of  fertility  of  soil, 
serenity  of  sky,  mildness  of  climate;  shewing  by  what  catena- 
tion of  physical  and  moral  causes,  the  empire  of  custom  is  so 
powerful  over  the  people  of  the  East,  that  we  find  in  India  and 
China  the  same  laws,  manners,  and  religion,  which  prevailed 
there  long  before  our  era:' inquiring  by  what  singularity,  well 
worthy  the  meditation  of  philosophers  and  politicians,  these  laws, 
this  worship,  and  these  manners  have  undergone  no  change,  amidst 
the  revolutions  which  have  so  often  taken  place  among  those 
nations  many  times  conquered  by  the  warlike  Tartars;  showing-, 
how,  by  the  irresistible  ascendancy  of  wisdom  and  knowledge,  ig- 
norant and  ferocious  conquerors  have  adopted  the  usages  of  the 
nations  they  had  subjugated:  and  proving  that  the  stationary  con- 
dition of  the  sciences  and  arts  among  those  who,  so  long  before 
ourselves  were  in  possession  of  the  advantages  of  civilized  society, 

Krgro  race.  M.  Volney,  in  a  work  which  should  be  a  model  to  all  travellers, 
grounds  on  the  face  of  the  blacks,  a  conjecture  as  ingenious  as  it  is  probable. 
He  observes,. that  it  exhibits,  precisely,  that  state  of  contraction, which  our  face 
takes,  when  it  is  struck  by  light,  and  a  strong  reverberation  of  heat :  then,  says 
this  philosophical  traveller,  the  brow  contracts,  the  cheek-bones  rise, the  eye-lid 
contract,  and  the  lips  project.  Must  not  this  coutraction  of  the  moveable  part 
have  ififlncr.ced,  in  course  of  time,  the  hard  parts,  and  even  moulded  the  struc- 
ture of  thebone*;  Poy/tg*  tn  Syria  ct  tn  Egt/pte,  'ioia.l.  pag.  70.  3ieme  Edition- 
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Is  derived  not  so  much  from  the  imperfection  of  (heir  organization, 
as  from  the  degrading  yoke  of  a  religion  loaded  with  absurd  prac- 
tices, and  which  makes  knowledge  the  exclusive  birthright  of  a 
privileged  cast*.  But  such  an  undertaking,  besides  exceeding  the 
limits  I  have'  prescribed  myself,  docs  not  belong  directly  to  my 
subject, 

'TheAlbinoes  of  Africa,  the  C agols  of  the  Pyrenees,  and  theCrc- 
of  the  Valais,  cannot  be  given  as  -varieties  of  the  human  spe- 
cies.   They  are  infirm,  feeble,  degraded  beings,  incapable  of  re- 
producing an  existence,  which  has  fallen  to  them,  in  the  midst  of  a 
healthy,  vigorous,  and  robust  population. 

We  are  not  to  believe  what  some  travellers  have  written  on  the 
existence  of  tribes  of  Giants,  that  have  appeared  on  the  Magel- 
lanic Coasts.  The  Patagonians,  concerning  whose  stature  there 
is  so  little  agreement  in  relations,  are  men  very  well  formed,  and 
whose  stature  does  not  exceed  ours,  more  than  nine  or  ten  inches. 
The  Laplanders,  whose  stature  is  the  smallest,  are  as  much  below, 
as  the  Patagonians  are  above;  it  does  not  exceed  from  four  foot  to 
four  and  a  half.  In  the  midst  of  ourselves,  individuals  reach  from 
time  to  time,  a  stature  sufficient  to  entitle  them  to  the  name  of 
giants,  whilst  others,  shrunk  in  all  their  proportions,  are  a  re- 
newal of  the  pygmies.  Such  was  Bebe,  the  dwarf  of  Stanislaus 
King  of  Poland;  Goltah,  spoken  of  in  the  Book  of  Kings,  Ch. 
xvii.  v.  4.  the  King  Og.  Deut.  Ch.  iii.  v.  2.  and  many  others, 
whose  stature  varies  from  six  to  ten  feet  high. 

CCXXXVIII.  Of  old  age  and  decrepitude.  .  The  human 
body  which,  from  the  twentieth  year  of  life,  ceases  to  grow 
iu  height,  increases  in  every  other  dimension,  during  the  twenty 
succeeding  years.  After  this  period,  far  from  growing,  it  begins 
to  decay,  and  loses  daily  a  part  of  its  strength.  The  decay  pro- 
ceeds at  the  same  rate  as  the  growth,  and  is  not  more  rapid,  since 
man  requires  from  thirty  to  forty  years  in  reaching  to  his  full 
growth,  and  takes  about  the  same  time  in  his  progress  to  the 


*  See,  concerning  the  Religion  of  the  Bramins,  and  (he  Indian  customs,  Ray- 
naPs  Philosophical  History.  VVc  must  assign  further  as  a  main  cause  of  the 
•want  of  progress  of  the  Indians  and  Chinese,  in  (hearts  and  sciences,  sprung 
from  civilization,  the  imperfection  of  their  alphabet,  which,  being  composed 
of  a  muliitude  of  characters,  which  do  not,  like  ours,  represent  sounds,  but 
ideas.  It  is  no  part  of  my  object  to  shew,  how  much  signs  so  defective  mu« 
confiue  the  sphere  and  fetter  the  combinations  of  the  mind.  . 
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grave,  pro\  tiled  no  accident. hurries,  him  to  an  untimely  end.* 
The  whole  bulk  of  the  body  diminishes,  the  cellular  tissue  becomes 
collapsed,  and  the  skin  wrinkled,  especially  that  of  the  forehead 
uud  face.  The  hairs  of  the  head  and  over  the  rest  of  the  body 
turn  gray,  then  white;  the  organic  action  becomes  languid  ;  the 
iluids  become  more  disposed  to  putrefaction  (Hunter);  hence,  at 
this  period  of  lif:-,  all  diseases  of  debility  are  more  frequent,  and 
attended  with  greater  danger. 

Decay  succeeds  old  age.     The  sensibility  of  the  organs  is 
blunted;  the  physical  and  intellectual  faculties  undergo  a  gradu- 
al decay  ;  man  ceases  to  be  impressed,  iu  the  same  manner,  by 
surrounding  bodies.    His  judgments  are  incorrect,  because  self- 
love  preventing  him  from  being  aware  of  the  changes  which  he 
has  undergone,  he  is  more  disposed  to  ascribe  to  an  universal  de- 
generacy, the  difference  which  exists  between  the  sensations  which 
he  now  experiences,  aud  thofe  which  he  experienced  in  his  youth 
{laudator  temporis  acti).    The  digestion  is  bad,  the  pulse  weak 
aud  slow  ;  absorption  difficult,  from  the  almost  complete  oblite- 
ration of  the  lymphatics  and  the  induration  of  the  conglobate 
glands;  the  languid  secretion  and  imperfect  nutrition.    The  old 
man  is  slow  iu  all  his  actions,  and  stiff  in  all  his  motions;  his 
hair  fallsoff,  his  teeth  drop  from  their  sockets;  the  cartilages  ossify; 
the  bones  grow  irregularly  and  become  anchylosed,  their  internal 
cavity  enlarges;  all  the  organs  become  indurated,  and  the  fibres 
dried  and  shrivelled.     The   bones   become  heavier,  from  the 
gradual  accumulation  of  phosphate  of  lime,  and  if  those  of  the 
skull,  as  is  justly  observed  by  Soemmering,  on  the  contrary,  be- 
come lighter,  it  is  that  they  are,  in  a  manner  worn  out,  by  the 
continued  motions  of  the  skull,  on  their  internal  surface. 

The  ossification  of  some  of  the  cartilages,  for  example,  of  those 
of  the  ribs  and  vertebra;,  is  productive  of  remarkable  effects.  The 
ribs  becoming  soldered,  in  a  manner,  to  the  sternum,  perform  very 
imperfectly,  their  natural  motion  of  elevation  and  twisting, 
(LXXI)  which  produces  the  enlargement  of  the  chest.  This  ca> 
vity  dilating  less  fully,  the  pulmonary  combinations,  which  are 
the  abundant  sources  of  animal  heat,  take  place,  iu  a  less  effec- 
tual manner,  which,  joined  to  a  want  of  lone  aud  energy  in  the 

»  The  duration  of  life  may  be  estimated  by  that  of  the  growth.  A  dog  ceases 
to  grow,  at  the  end  of  two  or  three  years,  and  lives  only  ten  or  twelve  ;  .Man, 
whose  growth  r.  quires  a  space  of  from  twenty  to  thirty  years,  attains  to  the 
age  of  ninety  or  a  hnndred.  Fishes  live  several  centuries,  their  developcment 
requiring  a  considerable  number  of  years. 
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lungs,  and  in  all  the  organs,  lowers  the  temperature  of  old  peo- 
ple, as  was  observed  by  the  father  of  Physic,*  a  circumstance, 
however,  which  has  been  denied  by  Dehaen. 

Those  fibro-cartiliginous  lamiuai,  with  oblique  fibres  crossing 
each  other,  which  unite,  so  firmly,  the  bodies  of  the  verlebia?,  be- 
come indurated,  dried  and  shrivelled,  sink  under  (he  weight  of  the 
body,  and  do  not  recover  their  former  thickness,  so  that  the  sta- 
ture is  really  reduced  ;  besides,  the  weakened  condition  of  the 
niuscleSjwhich  raise  the  trunk,  makes  the  weight  of  the  viscera  bend 
forward  tiie  vertebral  column,  whose  different  parts  may  remain 
fixed  in  this  attitude,  so  that  the  whole  column,  consisting  of  twen- 
ty four  vertebra?,  may  come  to  consist  of  only  seven  or  eight  dis- 
tinct bones.     It  should  not  be  imagined,  however,  that  all  the 
soft  parts  become  more  compact,  for  several,  as  Haller  observer, 
the  muscles,  for  instance,  become  softer,+  and  seem,  in  losing  a 
part  of  their  vital  properties,  to  draw  towards  a  speedy  dissolu- 
tion ;  not  that  death  is  entirely  owing  to  the  accumulation  of  phos- 
phate of  lime,  which  enters  into  the  composition  of  all  the  organs, 
converts  into  ossilie  matter,  the  whole  osseous  system,  and  inter- 
rupts the  actiou  of  the  animal  machine.    If  this  ossific  matter  in- 
vade every  part  of  the  animal  system,  it  is  because  the  diges. 
tive  powers,  gradually  weakened,  cease  to  affect,  in  a  suitable 
manner,  the  alimentary  substarices.     The  exuberance  of  calcare- 
ous salts  is,  therefore,  not  so  much  the  cause  as  the  effect  of  the 
successive  destruction  of  the  vital  powers. 

The  slowness,  the  rigidity,  and  the  difficulty  of  moving  do  not 
depend  so  much,  as  is  thought,  on  the  induration  of  the  ligaments 
and  other  fibrous  organs;  these  ligaments  become  softened  and  re- 
laxed, to  a  considerable  degree, so  that  luxation  is  more  easily  per- 
formed, after  death,  in  old  people.  In  them,  likewise,  organs, 
■which,  in  youth,  have  a  degree  of  consistency,  become  flaccid  and 
soft;  this  is  the  case  with  the  heart,  which  becomes  collapsed  in 
old  people,  its  cavities  remaining  entire,  while,  in  young  persons 
and  in  adults,  their  parietes  are  not  in  close  contact. 

The  brain  becomes  harder  and  firmer,  less  soluble  in  alkalies; 
its  albumen  appears  less  completely  oxydized  than  in  jounger 

*  Senibusautem  modicus  est  calor  *  *  ♦  *  frigidum  est  cnirn  ipsormn  corpus. 
Hippocr.  Apli.  14,  Sect. 2. 

+  Non  etg6  in  so!a  rigidilato  cnusam  scnii  mortis  oportet  ponere ;  nam  ex 
defectu  irritai>ilitatU,  plurinuin  senibuspiusrulj  languent,  mollesque  pendant. 

Elcmcnta  physio!,  (ow.  VIII  4°.  lib.  30. 
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subjects:  impressions  are  less  easily  made,  and  the  motions 
necessary  to  the  operations  of  the  understanding  are  per- 
formed with  difficulty.  Hence,  in  decrepitude,  man  returns,  as 
fara^  relates  to  his  intellectual  faculties,  to  a  state  of  second  child- 
hood, limited  to  certain  recollections  which  are,  at  first,  confused 
and,  in  the  end,  completely  lost,  incapable  of  judgment  or  will,  or 
of  new  impressions;  sleep  resumes  its  influence;  reduced  to  a 
mere  vegetative  existence,  he  sleeps  the  greatest  part  of  the  day, 
and  wakens  only  to  satisfy  his  physical  wants,  and  to  take  food, 
w  hich  he  digests  very  imperfectly.  For,  in  the  first  place,  the 
want  of  teeth  prevents  his  being  able  to  divide  sufficiently  the  dif- 
ferent substances,  and,  in  the  next  place,  the  supply  of  saliva,  of 
gastric  and  intestinal  juices  is  almost  interrupted;  the  bile  and 
other  fluids  are  less  active,  and  the  intestinal  tube  is  without 
energy.  Universal  rigidity  will  be  admitted  as  one  of  the  princi- 
pal causes  of  death,  if  it  be  considered  that  women,  in  whom  the 
organs  are  naturally  softer,  are  longer  in  reaching  that  state, 
are  more  retentive  of  life  than  men,  and,  generally,  live  to  a 
greater  age. 

The  body,  therefore,  dies  slowly  and  by  degrees,  says  the  elo- 
quent M.  l)e  Buffon;  life  gradually  becomes  extinguished,  and 
death  is  but  the  last  term  of  this  series  of  degrees,  the  last  shade 
{nuance)  of  lijc. 

CCXXXIX.  Of  death.  Long,  in  fact,  before  the  close 
of  life,  man  loses  the  power  of  reproduction  ;  and,  in  the 
course  of  the  agony  which  serves  as  a  passage  between  life 
and  death,  the  organs  of  sense  first  become  insensible  to  all 
sorts  of  impressions;  the  eyes  grow  dim,  the  cornea  fades, 
the  eye  lids  close,  the  voice  becomes  extinct,  the  limbs  and 
the  trunk  motionless ;  yet  the  circulation  and  respiration  conti- 
nue to  be  carried  on,  but  at  last  cease,  first  in  the  vessels  furthest 
from  the  heart;  and  then,  gradually,  in  the  vessels  nearest  that 
organ.  Respiration,  gradually  slackened,  being  entirely  sus- 
pended after  a  strong  expiration*,  the  lungs  no  longer  transmit 
the  blood  which  the  veins  bring,  from  every  quarter,  to  the  heart. 
This  fluid  stagnates  in  the  right  cavities  of  the  heart,  and  these  die 
last,  {ullimum  morkns)  and  distended  by  the  blood  which  collects 

»  Does  thii  last  aw!  powerful  expiration,  often  attended  by  sighing,  depend 
on  the  jpfumodic  contraction  of  tht.-muscles  of  expiration;  or  rather  does  it  not 
depend  on  the  re-action  of  the  clastic  parts  which  form  the  chest,  n,  re-action 
which  suddenly  cease3to  be  counter-balanced  by  the  vital  properties. 
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Within  them,  they  attain  a  capacity  exceeding  greatly  that  cf  the 
left  cavities,  which  are,  to  a  certain  degree,  emptied. 

Such  is  the  course  of  natural  death;  the  brain  ceases  to  receive 
from  the  weakened  heart,  a  sufficient  quantity  of  blood  to  keep 
up  sensibility;  there  remains  still  some  degree  of  contractility  in 
the  respiratory  muscles;  it  is  soon  exhausted,  however,  and  the 
circulatory  motion  of  the  blood  ceases  with  the  life  of  all  the 
organs,  of  which  this  fluid  is  one  of  the  principal  movers. 

As  to  accidental  death,  it  is  always  determined  by  the  cessation 
of  the  action  of  the  heart  and  brain  ;  for,  the  death  of  the  lungs 
occasions  that  of  the  whole  body,  only  by  preventing  the  actior? 
of  the  heart,  by  interrupting  its  influence  on  the  encephalic  organ. 
In  natural  death,  therefore,  life  becomes  extinguished,  from  the 
circumference  to  the  centre  ;  in  accidental  death,  on  the  coutrary, 
the  centre  is  affected  before  the  extremities. 

jBichat,  in  his  work  entitled,  Recherches  sur  la  vie  ct  la  mort, 
has  given  a  very  complete  account  of  the  manner  in  which  the 
organs  of  the  animal  economy  cease  to  act  in  articulo  mortis  ;  but 
like  all  the  authors  who  went  before  him,  he  has  limited  his  in- 
quiries to  certain  functions.  No  one  has  attempted  to  extend 
them  to  the  phenomena  of  the  action  of  the  brain,  nor  has 
any  one  traced  the  order  in  which  the  various  faculties  of  thought 
and  of  sensation  vanish.  I  shall  endeavour  faithfully  to  mention 
the  results  of  several  hundred  observations  of  my  own  on  this 
subjeot. 

The  close  of  life  is  marked  by  phenomena  similar  to  those  with 
which  it  began.  The  circulation  first  manifested  itself,  and  ceases 
last.  The  right  auricle  is  the  part  first  seen  to  pulsate  in  the  em- 
bryo, and,  in  death,  is  the  last  to  retain  its  motion.  The  pheno- 
mena of  nutrition  to  which  the  fcetal  existence  is,  almost  entirely, 
limited^  continue,  even  when  the  organs  destined  to  establish  a 
relation  with  the  beings  that  surround  us,  have  long  been  sunk 
into  a  slumber  from  which  they  are  never  to  be  rouzed. 

The  following  is  the  order  in  which  the  intellectual  faculties 
cease  and  are  decomposed*.    Reason,  the  exclusive  attribute  of 

*  I  need  not  inform  the  reader,  that  I  am  not  here  speaking  of  the  immortal 
soul,  of  that  divine  emanation  which  outlives  matter, and  which,  freed  from  nur 
perishable  part,  returns  to  the  Almighty.  Iam  speaking  merely  of  the  intel- 
lectual faculties  common  to  man,  and  to  those  animals  which,  like  biro,  are  pro- 
vided with  a  brain. 
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man,  first  forsakes  him.  Ho  begins  by  losing  the  faculty  of  as- 
sociating judgments,  and  then  of  comparing,  of  bringing  together, 
and  of  connecting  a  number  of  ideas,  so  as  to  judge  of  their 
relations.  The  patient  is  then  said  to  have  lost  his  consciousness, 
or  to  be  delirious.  This  delirium  has,  generally,  for  its  subject, 
the  ideas  that  are  most  familar  to  the  patient,  and  his  prevailing 
passion  is  easily  recognized.  The  miser  talks,  in  the  most  indis- 
creet manner,  of  his  hidden  treasures,  the  unbeliever  dies  haunted 
by  religious  apprehensions.  Sweet  recollections  of  a  distant  na- 
tive land,  then  it  is  that  ye  return  with  your  all  powerful  energy 
and  delight ! ! 

After  reasoning  and  judgment,  the  faculty  of  associating  ideas  is 
next  completely  destroyed.  The  same  occurs  in  fainting,  as  I  once 
experienced  in  myself ;  I  was  conversing  with  one  of  my  friends, 
when  I  experienced  an  insuperable  difficulty  in  associating  two 
ideas,  from  the  comparison  of  which,I  wished  to  form  a  judgment. 
Yet  syncope  was  not  complete,  [  still  preserved  memory  and  the 
faculty  of  feeling.  I  could  distinctly  hear  those  about  me  say,  he 
is  fainting,  and  exert  themselves  to  relieve  me  from  this  condition, 
which  was  not  without  enjoyment. 

The  memory  then  fails. — The  patient  who,  during  the  early  part 
of  his  delirium,  recognized  the  persons  about  him,  no  longer 
knows  his  nearest  and  most  intimate  friends. 

At  last,  he  ceases  to  feel,  but  his  senses  vanish  in  succession 
and  in  a  determinate  order;  the  taste  and  smell  cease  to  give  any 
sign  of  existence  ;  the  eyes  become  obscured  by  a  dark  and  gloomy 
cloud ;  the  ear  is  yet  sensible  to  sound  and  noise,  and,  no  doubt,  it 
was.  on  this  account,  that  the  ancients,  to  ascertain  that  death  had 
really  taken  place,  were  in  the  habit  of  calling  loudly  to  the 
deceased. 

A  dying  man,  though  no  longer  capable  of  smelling,  tasting, 
hearing,  and  seeing,  still  retains  the  sense  of  touch;  he  tosses 
about  in  his  bed.  moveshis  arms  in  various  directions, and  is  perpe- 
tually changing  his  posture ;  he  performs,  as  was  already  said, 
motions  similar  to  those  of  the  foetus  within  the  mother's  womb. 

CCXL.  Of  the  period  oj  death.  This  period  is  nearly  the  same 
with  all  men, whether  they  live  near  the  poles,  or  under  the  equator, 
whether  they  live  exclusively  on  animal  or  vegetable  substances, 
whether  they  lead  an  active  life,  or  consume  their  existence  in  dis- 
graceful sloth:  few  Jive  beyond  a  hundred  years.  There  are, 
however,  cases  of  men  who  have  Jived  far  beyond  that  period  as, 
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for  example,  those  men  mentioned  in  the  philosophical  transac- 
tions, one  of  whom  lived  to  a  hundred  and  sixty  five. 

I'ew  men,  however,  attain  a  hundred  years,  and  death,  even 
when  natural,  overtakes  us  from  the  age  of  seventy  five  to  a 
hundc  d. 

Differeqce  of  climate  though  producing  no  difference  in  the  dura- 
tion of  life,  has,  however,  a  remarkable  influence  on  rapidity  of 
growth.  Puberty,  manhood,  and  old  age,  come  on  much  sooner 
in  warm  climates,  than  in  northern  countries,  but  this  premature 
developernent  which  shortens  the  duration  of  the  periods  of  life, 
augments,  in  the  same  proportion,  that  of  old  age 

It  is,  however,  difficult  to  say,  at  what  precise  period,  old  age 
begins.  Is  it  towards  the  fortieth  year,  when  the  body  begins  to 
decrease  and  to  decay  ?  Can  the  change  of  the  colour  of  the  hair 
be  considered  as  the  certain  sign  of  old  age  ?  We  daily  see  young 
men  with  gray  hair.  May  we  determine  its  accession,  by  the  ces- 
sation of  the  functions  of  generation  and  the  incapaeily  of  repro- 
duction? Fecundity,  whose  term  is  so  easily  determined  in  wo- 
man, by  the  cessation  of  the  menses  is,  in  man,  very  .equivocal  ; 
the  emission  of  seminal  fluid  is  an  uncertain  sign,  from  the  difficul- 
ty of  distinguishing  the  mucus  of  the  vesiculaj  seminales  and  of  the 
prostrate,  from  the  truly  prolific  semen.  Erection  is  likewise  a 
sign  not  to  be  relied  upon  ;  this  state  may  be  occasioned  by  sym- 
pathetic irritation,  by  the  compression  of  the  bladder,  distended 
with  urine,  on  the  vesicular  seminales.  It  is  more  difficult  than 
is  imagined,  to  determine,  from  observation,  the  period  at  w  hich, 
in  the  human  species,  the  male  is  entirely  deprived  of  the  power  of 
generation,  and  it  may  be  said  that,  in  establishing  the  period  of 
from  forty-live  (o  fifty-five,  as  the  beginning  of  old  age  in  our 
climate,  there  will  be  found  men  arrived  at  that  state,  before  bav- 
ins; reached  that  age  ;  as,  on  the  other  hand,  others  will  be  found 
after  the  age  of  fifty-five,  with  all  the  characters  of  manhood.  The 
climacterical  period  of  sixty-three  is  the  decided  and  confirmed 
period  of  old  age.  Whatever  regimen  may  have  been  followed, 
man,  at  that  ago,  is  truly  old  and  cannot  but  be  aware  of  it. 

CCXL1  .  Of  the,  probabilities  of  hitman  life.  Man  dies  at  all 
ages  ;  and  if  the  duration  of  his  life  surpass  that  of  the  lower  ani- 
mals, the  great  number  of  diseases  to  which  he  is  liable,  renders 
it  much  more  uncertain,  and  is  the  cause  why  a  much  smaller 
number  arrive  at  the  natural  term  of  existence.  It  has  been 
attempted  to  discover  what  are  the  probabilities  of  life,  that  is, 


545 


to  ascertain,  from  observation,  how  long  a  man  may  expect 
to  live,  who  has  already  reached  a  determinate  age.  From 
late  accurate  observations  of  the  age  at  which  a  number  of  persons 
have  died,  and  from  a  comparison  of  the  deaths  with  the  births* 
it  has  been  ascertained,  that  about  one  fourth  of  the  children  that 
are  born,  die  within  the  first  eleven  months  of  life  ;  one  third  be-* 
fore  twenty-three  months;  and  one  half  before  they  reach  the 
eighth  year.  Two  thuds  of  mankind  die  before  the  thirfy'^nintli 
year,  and  three  fourths  before  the  fifty-first;  so  that  as  Buffon  ob- 
serves :  of  nine  children  that  are  born,  only  one  arrives  at  the  age 
of  seventy-three;  of  thirty,  only  one  lives  to  the  age  of  eighty; 
while  out  of  two  hundred  and  ninety  one,  only  one  lives  to  the  age 
of  ninety  ;  and  in  the  last  place,  out  of  eleven  thousand,  nine  hun- 
dred, and  ninety-six,  only  one  drags  on  a  languid  existence  to  the 
age  of  a  hundred  years. 

The  mean  term  of  life  is,  according  to  the  same  author,  eight 
years,  in  a  new-born  child.  As  the  child  grows  older,  his  exis- 
tence becomes  more  secure,  and  and  after  the  first  year,  he  may 
reasonably  be  expected  to  live  to  the  age  of  thirty-three*  Life 
becomes  gradually  firmer  up  to  the  age  of  seven,  when  the  child, 
after  going  through  the  dangers  of  dentition,  will  probably  live 
forty-two  years  and  three  months.  After  this  period^  the  sum 
of  probabilities  which  had  gradually  increased,  undergoes  a  pro- 
gressive decrease  ;  so  that  a  child  of  fourteen  cannot  expect  to 
live  beyond  thirty-seven  years  and  fire  months;  a  man  of  thirty, 
twenty-eight  years  more:  and,  in  the  last  place,  a  man  of  eighty-four, 
one  year  only.  From  the  eighty-fifth  to  the  ninetieth  year,  pro- 
babilities remain  stationary,  but  after  this  period,  existence  is  most 
precarious  and  is  painfully  carried  on  to  the  end.  Such  is  the  result 
of  observation,  and  of  calculations  on  the  different  degrees  of  pro* 
bability  of  human  life,  by  Hallcy,  Graunt,  Kersboom,  Wargen- 
tin,  Simson,  Deparcieux,  Dupre  de  St.  Maur,  Buffon,  d'AIem- 
bert,  Barthez,  and  M.  Mourgues,  who  has  just  published  his 
observations,  collected  at  Montpellier,  in  the  course  of  a  great 
number  of  years,  and  with  the  most  scrupulous  accuracy. 

I  should  enter  more  fully  into  this  subject,  but  that  it  belongs 
more  to  the  department  of  political  economy  than  to  that  of  phy« 
si  o  logy. 

The  calculations  on  the  probabilities  of  human  life,  present  re- 
sults applicable  to  the  generality  of  cases,  since  the  mean  duration 
•f  existence  is  uearly  the  same  with  all  men,  in  all  countries  and 
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eiimaies*.  The  shepherd  of  <he  Pyrenees,  •who  lives  happy  in 
the  innocence  of  a  pastoral  life,  breathing  the  pure  air  of  his 
Mountain.",  is,  in  this  respect,  subject  to  the  same  laws  as  theinhabi- 
tant  of  populous  cities,  exposed  to  the  inconveniences  attending 
numerous  collections  of  men;  inconveniences,  which  viewed  in  a 
philosophical  point  of  view,  or  which  greatly  over-rated,  have  so 
often  furnished  a  text  to  the  meditations  of  philosophy,  and  to 
the  idle  declamations  of  oratory. 

Does  life  experience  a  progressive  diminution,  in  proportion  to 
the  duration  of  the  world,  and  to  say  nothing  of  the  time  preceding 
the  flood, when,according  to  the  Dock  of  Genesis,  men  lived  several 
hundred  years,  did  the  men  of  former  times  live  longer  than  those 
of  our  own?  This  is  very  improbable;  among  the  Egyptians, 
the  Hebrews,  the  Greeks,  and  Romans,  there  were  very  few  in- 
stances of  persons  living  to  the  age  of  a  hundred  years,  and  in- 
stances of  longevity  are  perhaps  more  frequent  among  the 
moderns. 

The  art  of  providing  for  the  wants  of  life, making  daily  progress, 
it  is  very  probable,  that  far  from-  being  shortened,  the  term  of 
human  life  may  be  lengthened  a  certain  number  of  years  beyond 
its  ordinary  duration.  This  idea  is,  it  is  true,  eontrary  to  the 
comtponly  received  opinion  of  the  progressive  depravity  of  man- 
kind in  all  age.s ;  but  the  golden  age  never  existed,  but  in  the  ima- 
gination of  poets,  and  the  daily  Complaints  of  morose  old  age  have 
their  origin  in  motives  easily  understood  by  the  physiologist.  He 
■whose  sentiment  is  blunted  by  a  long  course  of)  ears,  is  affected, 
in  a  very  different  manner,  by  surrounding  objects.  As  to  the 
old  man,  flowers  l.aie  lost  their  scent  and  beauty,  fruits  no 
longer  retain  their  flavour.  The  whole  of  nature  seems  dull  and 
colourless.  But  the  cause  of  all  these  changes  is  within  himself) 
everything  else  remains  as  it  was.  Mways  equally  fruitful,  Na- 
ture exposes  every  thing  to  the  action  of  her  inexhaustible  crucible; 
maintains  every  thing  in  a  state  of  everlasting  youth,  and  preserves 
a  freshness  ever  renewed.  Individuals  die,  species  are  renovated; 
life  every  where  arises  in  the  midst  of  death.    The  materials  of 

»  tlie  researches  of  Sir  John  Sinclair  do  not  disprove  this  statement,  though 
rhisautlior  adheres  faithfully  to  the  practice  generally  adopted  by  hi*  country 
men,  of  speaking  most  favourably  of  England  and  Scotland.  '1  he  Statistical 
tables  published  indifferent  parts  of  Europe,  show  that  the  number  of  people 
■who  reach  the  age  of  a  hundred  is  equally  great  there. 
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organized  bodies  enter  info  now  combinations  and  serve  In  form, 
ing  new  beings,  when  life  ceasing  to  animate  those  to  which 
they  belonged,  putrefaction  seizes  upon  them,  and  effects  their 
destruction. 

CCXLII.    Of  putrefaction.    Here  the  history  of  life  ought  to 
terminate;  if,  however,  it  be  considered  that  the  changes  which 
bodies  experience,  after  death,  throw  a  considerable  light  on  its 
means,  its  ends,  and  its  nature,  there  will  be  an  obvious  necessity 
for  shortly  inquiring  into  the  different  phenomena  which  accom- 
pany the  decomposition  of  animal  substances.    And  this  investi- 
gation appears  to  me  to  belong  to  the  department  of  physiology, 
until  the  aspect  of  the  body  ceases  to  recall  the  idea  of  its  former 
state,  and  until  the  last  lineaments  of  organization  are  completely 
effaced.   As  soon" as  life  forsakes  our  organs,  they  become  subject 
io  the  laws  of  physics,  operating  on  substances  that  are  not  orga- 
nized.   An  inward  motion  takes  place  within  their  substance, 
and  their  molecules  have  the  greater  tendency  to  become  separated 
from  one  another,  as  their  composition  is  more  advanced.  Che- 
mistry informs  us  that  the  tendency  to  decomposition  of  bodies  is, 
in  direct  ratio  to  the  number  of  their  elements,  and  that  a  dead 
animal  body  is  capable  of  remaining  unchanged,  in  proportion 
as  its  composition  is  more  simple  and  its  constituent  principles  less- 
numerous  and  less  volatile. 

Before  putrefaction  can  come  on  in  the  human  body,  it  must  be 
entirely  deprived  of  life,  for,  the  vital  powers  are  most  powerfully 
antiseptic,  and  one  might  say  that  life  is  a  continual  struggle 
against  the  laws  of  physics  and  chemistry.  This  vital  resistance, 
alluded  to  by  the  ancients  when  they  said,  that  the  laws  of  the  mi- 
crocosm were  in  perpetual  opposition  to  those  of  the  universal 
•world,  and  that  these,  in  the  end,  prevailed;  this  power  which  is 
in  a  state  of  perpetual  re-action,  manifests  itself  in  life:  the  lat- 
ter, considering  only  the  results,  might,  therefore,  be  defined  as 
follows :  the  resistance  opposed  by  organic  bodies  to  the  causes  in- 
ccssanily  tending  to  their  destruction.  By  attending  to  all  these 
phenomena,  it  will  be  seen  that  all  of  them  tend  to  one  end,  the 
preservation  of  the  body,  and  that  they  obtain  it,  only  by  keeping 
up  a  perpetual  struggle  with  the  laws  which  govern  inorganic 
substances. 

It  might  appear  singular,  that  death  should  furnish  a  just  idea  of 
iife,  did  we  not  know  that  it  is  by  comparing,  that  we  are  enabled 
19  distinguish^  to  judge,  and  to  arrive  at  knowledge. 
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Putrefaction  takes  place  and  is  completed,  only  in  substance* 
deprived  of  life.  A  mortified  limb  loses  its  vitality,  before  putre- 
faction comes  on,  and  if  nature  preserve  sufficient  energy  to  resist 
this  destructive  process,  she  draws,  by  a  line  of  inflammation,  the 
separation,  between  the  dead  and  the  living  part.  Life  and 
putrefaction  are,  therefore,  two  absolutely  contradictory  ideas  ; 
and  when,  in  some  diseases,  there  is  observed  a  tendency  in  the 
solids  and  fluids  to  spontaneous  decomposition,  this  tendency  to 
putrefaction  should  not  be  mistaken  for  putrefaction  itself. 

Several  conditions  are  required  to  enable  putrefaction  to  affect 
the  human  body,  after  death.  In  the  first  place,  a  mild  tempera- 
ture,  that  is,  above  ten  degrees  of  lleaumurs  thermometer  ;  in  the 
next  place,  a  certain  degree  of  moisture  and,  lastly,  the  presence 
of  air.  This  last  condition,  however,  is  not  so  necessary  as  the 
two  former,  since  substances  undergo  putrefaction,  in  a  vacuum, 
though  more  slowly.  The  air  consequently  promotes  decomposi. 
tion,  only  by  carrying  off  the  elements  which  rise  in  vapours.  Ob 
the  other  hand,  an  icy  cold,  or  a  degree  of  heat  approaching  to 
boiling,  prevent  it;  the  former,  by  condensing  the  parts;  the 
8econd,  by  depriving  them  of  moisture,  the  complete  absence  of 
•which,  accounts  for  the  preservation  of  the  Egyptian  mummies. 

The  phenomena  of  putrefaction,  resulting  from  a  series  of  pe- 
culiar attractions,  are  modified  in  various  ways,  according  to  the 
nature  of  the  animal  substances  which  are  subjected  to  it,  to  the 
media  in  which  it  takes  place,  to  the  different  degrees  of  moisture 
and  temperature,  and  even  according  to  its  different  periods.  Not- 
withsandiug  these  innumerable  varieties,  one  may  say,  that  all  ex- 
hale a  certain  cadaverous  smell,  are  softened,  increase  in  bulk, 
acquire  heat,  change  colour,  assume  a  greenish,  then  a  livid  and 
dark  brown  colour;  there  are,  at  the  same  time,  disengaged  a 
great  number  of  gazeous  substances,  of  which  ammonia  is  the  most 
remarkable,  either  from  its  quantity,  or  from  being  given  out  by 
animal  substances,  from  the  moment  when  decomposition  begins,  to 
the  period  of  the  most  complete  dissolution.  This  gas  produces 
the  puDgentand  putrid  smell  which  exhales  from  dead  bodies. 

Towards  the  termination  of  putrefaction,  there  is  disengaged 
carbonic  acid  gas,  which  combining  with  ammonia,  forms  a  fixed 
and  crystallizable  salt.  Besides  these  products,  there  are  given 
out  sulphureted  and  phosphureted  hjdrogen,  or  combined  with 
azote,  carbonic  acid,  and  all  the  substances  that  may  be  produced 
by  their  respective  combinations.    Iu  the  last  place,  animal  sub^ 
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stances,  when  reduced  to  a  residue  containing  oils  and  salts  of  dif* 
tV  rout  kinds,  form  a  mould,  from  which  plants  draw  the  principles 
of  a  luxuriant  and  rigorous  vegetation.  The  bones,  those  least 
alterable  parts  of  the  organized  machine,  in  time,  become  dried  by 
the  slow  combustion  of  their  fibrous  part,and  by  the  evaporation  of 
their  medullary  juices.  At  last,  reduced  to  an  earthy  skeleton, 
they  crumble  into  dust,  and  this  dust  is  dissipated,  on  opening  the 
tombs  in  which  they  were  laid. 

Thus,  in  course  of  time,  is  effaced  all  that  could  recall  the  idea 
of  our  physical  existence, 

Putrefaction,  considered  in  a  philosophical  point  of  view, 
is  but  a  means  employed  by  nature,  to  restore  our  organs,  deprived 
of  life,  to  a  more  simple  composition,  in  order  that  their  elements 
may  be  applied  to  new  creations.  (circulus  ceterni  motus.*) 
Nothing,  therefore,  is  better  proved,  than  the  metempsychosis  of 
matter  ;t  which  warrants  the  belief  that  thi3  religious  dogma,  like 
most  of  the  fabulous  worships  and  imaginations  of  antiquity,  is 
but  a  veil  ingeniously  thrown  by  Philosophy,  between  Nature  and 
the  iguorant. 

*  Beccher,  Physica  subterranea. 

+  Matter  is  eternal,  in  this  sense,  that  the  molecules  of  bodies  merely  pass 
from  the  one  into  the  other;  they  survive  the  destruction,  or  rather  the  dissolu- 
tion of  organic  and  inorganic  beings, when  the  former,  ceasing  to  live,  restore  to 
the  inexhaustible  fund  of  Nature,  those  elements  which  she  lends  without  ever 
parting  with  them. 

Alancipio  nulli  datur,  omnibus  usu. 

Lucret.  lib.  Ill* 
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Preface — Preliminary  discourse.  Physiology — the  Science  of 
Life.    Definition  of  life. 

§  I.    Of  natural  beings. 
They  are  inorganic  or  organized — The  former  are  simple  or 
complex;  the  latter  always  complex,  and  distinguished  into  vege- 
table and  animal.    Reciprocal  dependance  of  all  these  beings,  2. 

§  II.    Of  the  elements  of  bodies. 
The  elements  of  Bodies.    Their  number  forty-four;  but  it  is 
probable  that  several  appear  to  us  simple,  from  the  imperfection 
of  our  means  of  analysis,  3. 

*  III.    Differences  betzseen  organized  and  inorganized  bodies. 

Differences  between  organized  and  inorganized  bodies,  3. 
Homogeneousness  of  the  latter;  complex  uature  of  the  former; 
necessary  co-existence  of  fluids  and  solids  in  all  organized  and 
living  beings;  simplicity  of  inanimate  matter;  complex  nature 
and  tendency  to  decomposition  of  organized  bodies,  5. 

§  IV.  Differences  between  animals  and  plants. 
Differences  between  animals  and  plants,  7.  The  great  distance 
between  the  mineral  and  vegetable  kingdom.  A  considerable  ap- 
proximation, on  the  contrary,  between  animals  and  plants, 
Of  all  the  characters  which  mark  the  differences  between 
these  substances,  the  most  remarkable  is  the  presence  of  an  alimen- 
tary tube,  which  is  found  in  every  animal  from  man  down  to  the 
polypus.  9.  In  all  animals,  nutrition  is  performed  by  two  sur- 
f,ic<-i,  especially  by  the  internal ;  the  alimentary  canal  is  the  most 
essential  part  of  their  body,  9.  It  retains  life  longer  than  any 
other  part. —  Experiments  disproving  Hallcr's  opinion  on  this 
»ubjecf,  10. 
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§  V.  Of  life 

Consists  of  a  number  of  phenomena  proportioned  to  the  com* 
plication  of  the  organization,  11.  Simple  in  plants,  in  which  its 
actions  are  limited  to  nutrition  and  reproduction,  1 1.  Of  life  in 
the  polypus;  this  animal,  consisting  merely  of  a  sentient  and  con- 
tractile pulp,  shaped  into  an  alimentary  cavity,  13.  Of  life  in 
worms,  14— ^in  crustaceous  animals,  its  apparatus  more  perfect^ 
14.  Of  life  in  cold-blooded  animals,  15.  In  warm  blooded  ani- 
mals and  in  man,  16.  General  view  of  the  human  organization, 
16.  Of  the  elementary  fibre,  18.  Dependance  of  life  on  the 
oxydation  of  the  blood  in  the  lungs,  and  on  the  distribution  of  this 
Tivified  blood,  throughout  the  orgarts,  19. 

§  VI.    Of  the  vital  properties  ;  sensibility  and  contractility. 

These  two  properties  not  possessed,  in  an  equal  degree  by  all 
living  bodies,  20.  Modifications  of  sensibility  in  different  organs, 
25.  Observations  on  the  contractility  of  serous  membranes,  25. 
Caloricity,  26.  Laws  of  sensibility,  28.  Influence  of  sleep,  of 
climate,  of  the  seasons,  of  the  age,  &c.  on  the  vital  proper- 
ties, 32—33. 

§  VII.    Of  sympathies. 
Of  sympathy,  34.     Diseases  arising  from  association ;  Syner- 
gies, 36. 

§  VIII.    Of  habit. 
Of  habit,  38.  It  uniformly  lessens  physical  sensibility — A  curious 
fact  shewing  the  effects  of  habit,  39.    Habit  impairs  the  sensitive 
power  but  improves  the  judgment,  41. 

§  IX.  Of  the  vital  principle. 
The  vital  principle,  not  a  being  existing  by  itself,  and  indepen- 
dently of  the  actions  by  which  it  manifests  itself,  43.  A  perpe. 
tual  struggle  in  organized  bodies,  between  the  laws  of  the  vital 
principle  and  those  of  universal  nature,  44.  The  vital  principle 
resists  the  laws  of  chemitry,  of  physics  and  mechanics,  45.  There 
take  place,  however,  in  the  animal  economy,  chemical, physical  and 
mechanical  phenomena,  but  they  are  always  modified  by  the  vital 
principle,  45.  Influence  of  the  stature  on  the  energy  of  the  vital 
powers  and  even  on  longevity,  46.  Vis  medicatrix  nature,  48. 
Theory  of  inflammation,  48.  Analogy  between  the  tnrgescence  of 
an  inflamed  part,  and  of  one  in  a  state  of  erection,  as  the  peuis, 
#c,    51.    Indirectly  tonic  influence  of  cold3  52. 
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$  X.  Of  the  system  of  the  great  sympathetic  Mmesi 
These  nerves  are  to  be  considered  as  connecting  the  organs  of 
the  functions  of  assimilation,  as  the  cerebral  nerves  unite  that  of 
the  external  functions,  52.  They  are  the  only  nerves  found  in 
several  animals  without  vertebrae.  They  arise  from  all  the  verte- 
bral nerves,  from  which  they  receive  filaments,  as  well  as  from  the 
fifth  and  sixth  cerebral  pairs,  53.  Ganglions  of  the  sympathetic 
nerves;  the  semilunar  ganglion,  the  principal,  53.  The  great 
sympathetics  render  the  internal  organs  independent  of  the 
will,  55. 

§  XI.  Of  the  relations  of  physiology  to  several  other  sciences. 

The  relation  of  physiology  to  physics,  chemistry,  and  mechanics. 
Connexion  of  physiology  with  human  and  comparative  anatomy^ 
59,  63.    Its  connexion  with  Medicine,  C6. 

§  XII.    Classification  of  the  vital  functions  i 

The  best  divisions  of  the  vital  functions  is  that  which  was  first 
pointed  out  by  Aristotle,  adopted  by  Buffon,  and  completely  de- 
veloped by  Grimaud,  67.  Modifications  of  which  this  division  is 
susceptible;  preservative  functions  of  the  individual  or  of  the 
species,  68.  These  two  great  divisions  further  divided  into  two 
orders,  68.  Why  man  is  subject  to  more  diseases  than  ani- 
mals, 71. 

Of  the  arrangement  of  this  work,  74.  The  voice  is  a  natural 
connexion  between  the  preservative  functions  of  the  individual  and 
those  of  the  species,  75.  The  history  of  the  ages  and  tempera- 
ments, and  of  the  varieties  of  the  human  species ;  the  account  of 
death  and  putrefaction  forms  a  separate  appendix,  76. 

FIRST  CLASS. 
Functions  subservient  to  the  preservation  of  the  individual. 

ORDER  FIRST. 

Functions  of  assimilation. 
CHAPTER  I. 
On  Digestion. 

Definition  of  this  function,  79.  General  considerations  on  the 
digestive  apparatus,  79.  Connexion  between  the  nature  of  theali. 
mentand  the  extent  of  the  digestive  tube,  80.  Of  aliments,  81.  The 
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IHitricMl  principle  obtained  from  the  aliment,  by  our  crgnil-,  I* 
always  (he  same,  82.  Of  the  nature  of  the  alimentary  principle, 
82  Differences  of  regimen,  according  to  the  climate,  83.  Hun- 
ger and  thirst,  85—87.  Mastication,  88.  Action  of  the  lips,  of 
the  cheeks,  of  the  tongue,  of  the  teeth,  of  the  jaws,  89—90—01. 
The  salivary  solution,  92.  Deglutition,  its  mechanism,  9  1.  Deg- 
lutition of  fluids  and  of  gazeous  substances,  90.  Of  the  abdomen, 
96.  Of  digestion  in  the  stomach,  97.  Different  systems  of  di- 
gestion; of  concoc(ion,fermeutation,  99.  Of  putrefaction,  ICO. 
Of  trituration;  of  digestion  in  granivorous  fowls,  101.  Of  mace- 
ration, 102.  Phenomena  of  rumination,  103.  Of  the  gastric 
juice,  103.  its  source,  its  quantity,  and  solvent  qualities,  106 — 
107.  Digestion  chiefly  consists  in  the  solution  of  the  aliment  in 
this  fluid,  107.  Si^ular  case  of  a  fistula  of  the  stomach,  108. 
Action  of  t!  e  stomach,  111.  Functions  of  the  pylorus,  111.  Of 
vomiting,  114.  Digestion  in  the  duodenum,  115.  Of  the  bile  and 
its  secretory  organs,  116.  Circulation  of  the  blood  in  the  liver, 
317.  Uses  of  the  spleen,  119.  Of  the  pancreas  and  pancreatic 
juice,  1 20.  Separation  of  the  alimentary  matter  into  two  substan- 
ces, the  one  chylous  the  other  excrementitious,  121.  Of  the  action 
in  the  small  intes  tines,  122.  The  uses  of  their  curvatures  and  val- 
vulae  conniventes;  of  the  peristaltic  motion,  123.  Of  digestion  in 
the  great  intestines,  124.  Uses  of  the  appendicula  vermiformis  of 
the  ccecum.  Of  the  evacuation  of  the  faeces,  125.  Intestinal  gaves,  127. 

Of  the  secretion  and  excretion  of  the  urine,  128.  Of  the  cali- 
ber of  the  venal  arteries,  structure  of  the  kidneys,  127 — 128. 
Action  of  the  kidneys  and  ureters,  131.  Accumulation  of  the 
urine  within  the  bladder,  132.  Jn  what  manner  it  is  expelled, 
131.  Physical  qualities  of  the  urine,  136.  Chemical  analysis  of 
this  fluid,  urea,  137.  Its  retention  produces  urinous  fever,  138. 
Experiments  on  the  effects  attending  retention  of  urine  by  tying 
the  ureters,  in  living  animals,  138.  Urinary  calculi,  why  most  fre- 
quent in  cold  and  damp  climates,  142. 

CHAPTER  II. 

Of  absorption. 

Absorption  takes  place,  in  every  part  of  the  body,  both  on 
its  surface  and  in  its  internal  parts,  144.    Absorption  more  or 
less  active  in  different  circumstances,  146 — 147.    Its  activity 
is  very  slight  on  the  external  surface,  except  where  the  skin  is  thin 
and  the  epidermis  moist,  147. 
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tesorhmg  months,  1  iS.  Their  mode  of  action,  in  absorption, 
1  tS— l-J-JJ.  Of  tht  lymphatics,  150,  Their  innumerable  anasto- 
mose*,  from  the  union  of  which  there  is  formed  a  mesh  work  enve- 
loping the  whole  boJv,  150.    Pathological  inferences. 

Of  the  conglobate  glands,  132.  Tlieir  action,  15'2.  Circula- 
tion of  the  lymph,  153.    Observations  on  cancer,  154. 

■Of  the  thoracic  duct,  156.  Of  the  physical  and  chemical  pro. 
p&tftft  of  i lie  lymph,  157. 


CHAPTER  IH. 

Of  the  Circulation. 

Definition  and  genereral idea  of  this  function,  159.  Of  the 
action  of  the  heart ;  uses  of  the  pericardium,  1G0.  Connexion  be- 
fuec-n  the  bulk  of  the  heart,  and  strength,  and  courage,  1G1. 
Siugular  case  of  communication  between  the  two  ventricles, 
163.  Structure,  of  the  heart,  164.  Action  of  the  heart,  in 
circulation,  165.  Decurtation  aud  pulsation  of  the  heart,  every 
time  the  ventricles  contract,  1  GG — 1G7.  The  .quantity  of  blood 
w  hich  these  cavities  send  out,  along  the  arteries,  1G8. 

Action  of  the  arteries,  1G9;  their  arrangement  and  anasto„ 
mpses,  169.  Of  the  structure  of  the  arteries,  the  force  and  con- 
tractility of  their  different  coats,  171-  Dilatation  of  the  arteries, 
175.  Of  the  pulse  and  its  varieties,  177,  Velocity  of  the  circu- 
lation along  the  arteries. 

Of  the  capillary  vessels,  179.  Those  which  convey  a  colourless 
fluid,  180.  Of  the  manner  in  which  the  blood  Hows  along  these 
vessels,  18L    Terminations  of  of  the  arterial  system,  184?. 

Of  the  action  of  the  veins,  185.  Proportion  of  the  arterial  to 
the  venous  blood  ;  difference  of  arrangement  aud  structure  be- 
tween the  arteries  and  veips,  185.  Of  the  use  of  the  valves  of  the 
veins,  18G.  Gradual  increase  of  velocity  jn  the  venous  circular 
tion.  Of  the  use  of  the  vena  azygos,  187—188.  Reflux  of  the 
blood  in  the  great  venous  trunks,  188-^139.  Theory  of  the  cir- 
culation, 190.  Partial  circulations  in  the  midst  of  the  general 
circulation,  191.  Of  the  two  divisions,  venous  and  arterial,  of  the 
circle  of  circulation,  192.  Organs  situated  on  the  two  points  of 
interjection  of  this  great  circle,  19'i— 193. 
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CHAPTER  IV. 

Of  respiration. 

Of  all  the  changes  which  the  blood  undergoes,  in  penetrating 
through  the  organs  placed  in  the  course  of  the  circulation,  the  most 
remarkable  are  those  it  receives  from  respiration,  103.  Diffe- 
rences of  arterial  and  venous  blood,  193.  Of  the  atmosphere,  194. 
Action  by  which  respiration  is  performed,  197.  Motious  of  the 
ribs,  199.  Difficult  respiration,  201.  Structure  of  the  lungs, 
203.  Use  of  the  bronchial  arteries,  204.  Pulmonary  inflamma- 
tions, 204.  Changes  on  the  air  and  on  the  blood  by  respiration, 
206.  Vitality  of  the  lungs,  210.  Respiration  of  certain 
animals,  211,  Division  or  ligature  of  the  eighth  pair  of 
nerves,  212. 

Of  animal  heat,  213.  Animal  heat  is  independant  of  the 
media  in  which  animated  beings  live,  214.  The  heat  of  the 
animal  body  thirty-two  degrees,  214.  The  lungs  not  the  only 
parts  in  which  caloric  is  disengaged,  216.  Caloric  evolved,  to  a 
certain  degree,  in  all  organs  receiving  arterial  blood,  217.  Cuta- 
neous evaporation,  the  most  powerful  means  of  lowering  the 
temperature,  219.  It  does  not  explain,  however,  why  the 
animal  temperature  remains  the  same,  in  a  medium  hotter  than 
the  body;  case  of  a  man  said  to  be  incombustible,  219 — 220. 
Effects  of  cold,  221—222. 

Phenomena  of  the  circulation  of  the  blood  through  the  lungs, 
223.  Pulmonary  exhalation,  224.  Of  asphyxia,  from  drowning 
and  from  strangulation,  225 — 226.  From  noxious  gases  and  from 
intoxication,  227.  From  obstruction  of  the  glottis ;  of  the  as» 
phyxia  of  new  born  children,  228. 

Of  several  phenomena  of  respiration,  as  sighing,  yawning, 
sneezing,  coughing,  hiccup,  and  laughter,  229.  Cutaneous  pers- 
piration, 230.  Its  connection  with  the  other  functions,  231, 
Its  quantity,  232.  Of  the  sweat;  of  the  formation  of  carbonic 
acid  gas  on  the  surface  of  the  skin,  233.  Of  the  uses  of  the  cu- 
taneous perspiration,  234. 

CHAPTER  V. 

Of  the  secretions. 

Classification  of  the  animal  fluids,  234.  Chemical  classification 
of  the  fluids  byFourcroy,the  best,  235.  Of  the  blood.  Of  its  phy. 
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sical,  chemical,  and  vital  properties,  236-237—238.  Of  san. 
guification,  238.  Of  the  effects  of  regimen  on  the  blopd,  239. 
The  transfusion  of  blood,  241. 

Oi"  the  secretory  apparatus,  243.  Serous  transudation,  244.  Se- 
cretion in  the  raucous  follicles,  244.  In  the  conglomerate  glands, 
2*5.  Of  accidental  secretions  246.  Influence  of  the  nervous  energy 
on  the  secretions,  248.  Influence  of  the  imagination  on  the  se- 
cretions 252.    Quantity  of  fluids  secreted,  253. 

-  reiion  of  adeps  within  the  cellular  tissue,  254.  Difference 
of  quantity  and  quality  of  this  fluid,  in  the  different  parts  of  the 
body,  254.  Of  the  uses  of  adeps,  256-  Circumstances  which  in- 
crease or  lessen  its  secretion,  258.  Analogy  of  the  marrpw  of  the 
bones  to  adeps,  258 — Qf  the  insensibililty  of  the  medullary  mem-? 
brane  259. 

CHAPTER  VI. 
Of  Nutrition. 

Nutrition  is  the  complement  of  assimilation,  259.  Period  of 
the  complete  renovation  of  the  body,  260.  Mechanism  of  nutri- 
tion ;  from  arterial  blood  only,  260.  Difference  of  vegetable  aud 
animal  substances,  261.  New  products,  262.  Of  the  emuncto- 
ries,  265.    General  Tiew  of  the  functions  of  nutrition,  266. 

CHAPTER  VII. 
Of  Sensations. 

Functions  that  are  subservient  to  the  preservation  of  the  indi- 
vidual, by  connecting  bim  with  surrounding  beings,  268.  Of 
sensations,  269.  Natural  succession  of  the  phenomena  of  sense, 
270.       ,  -  . 

Of  light  and  of  colours,  270.  Organ  of  sight,  272. — formed  of 
three  distinct  parts,  272.  Use  of  the  eyelids,  eyelashes,  and  Iacry- 
mal  ducts,  273,  276.  Eye-ball,  its  structure,  277.  Mechanism 
and  phenomena  of  vision,  280.  Motions  of  the  iris,  281.  Refrac- 
tion of  the  rays  of  light  by  the  membranes,  282,  and  by  the  fluids 
of  the  eye;  inversion  of  objects  on  the  retina;  point  of  distinct 
Tision,  282.  Defects  of  vision,  283,  284.  Developement  of  the 
eyes,  and  their  motions,  285.  Errors  of  vision,  286.  Its  differ- 
ence in  different  animals,  287. 

Organ  of  hearing,  288.    Qf  sound,  289.   Structure  of  the  ear, 
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and  mechanism  pf  hearing,  290.  Differences  in  animals,  293. 
Defects  of  heating,  294. 

Of  odouw,  295,    Organ  of  smell,  996.    Sensation  of  smell,  297. 

Of  taste,  300.  Of  the  tastes  of  different  substances,  organ  of 
tastfej  800.  In  different  animals,  301.  Uses  of  the  nerves  of  the 
tongue,  302.    Galvanic  experiments fcn  this  subject,  303. 

Of  touch,  30.3.  Its  certainty  and  errors,  304.  Of  the  inte- 
guments, 304.  Of  the  nails,  309.  Of  the  hair,  310.  Of  the 
hand,  314.    Touch  in  different  animals,  315. 

Of  the  nerves,  316.  Of  their  origin  in  sensible  parts,  316. 
Of  (heir  structure,  317,  118.  Opinion  of  Roil  on  this  subject, 
318.  Of  the  manner  they  arise  from  each  other,  318.  Of  their 
termination  in  the  brain,  319.  Of  their  comparative  size,  in 
different  animals,  and  in  man  at  different  ages,  319,  320. 

Of  the  coverings  of  the  brain,  320.  Mechanism  of  the  bones 
of  the  skull  and  face,  321.  Uses  of  the  sphenoid,  321,  322. 
Rounded  form  of  the  skull,  325.  Uses  of  the  dura-mater,  of  the 
arachnoid,  and  the  pia  mater,  325,  326.  Size  of  the  brain,  326- 
Form  of  the  head,  327.  Connexion  with  the  intellectual  power.-, 
328.  Nerves  crossing,  329.  Divergent  and  convergent  fibres, 
330.  Cerebral  circulation,  331.  Arterial  blood  retarded,  3J2. 
Jugular  veins,  388.  Connexion  of  the  actions  of  the  brain  and 
heart,  334.  Theory  of  syncope,  33G.  Motions  pf  the  brain, 
339.  Experiments,  310,  341.  Action  of  the  nerves  and  brain, 
318.  Principle  of  motion  and  sensation,  350.  Different  iniellecT 
tual  functions  of  different  parts  of  the  brain,  351.  Not  yet  per- 
fectly understood,  351. 

Analysis  of  the  understanding,  351.  Perception,  352.  Rea- 
soning and  instinct,  353.  .Generation  of  the  faculties,  353,  35  i. 
Sensation,  perception,  attention,  memory,  imagination,  association 
of  idea*,  comparison,  judgment,  reasoning,  355,  357.  Iufluence 
of  signs  on  the  faculties  of  thought,  358.  Analysis  of  ideas,  by 
Tracy,  360.  Derangements  of  the  mind,  361.  Mauia,  362. 
ldiotcy,  363. 

Of  the  passions,  367.  State  of  the  intellectual  powers  con-? 
nccted  with  them,  367.  Effects  on  the  animal  economy,  368. 
Of  sleep  and  waking,  369.  Repose  of  the  functions  which 
connect  us  with  surrounding  objects ;  condition  of  the  functions 
of  assimilation,  during  sleep,  369.  Proximate  cause  of  sleep, 
372.  Of  dreams  and  somnambulism,  'J73.  Animals  are  also 
subject  to  dreams.  375. 
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CHAPTER  VIII. 

Of  Motions. 

This  chapter  (reals  only  of  voluntary  motions,  whoso  organ? 
may  be  distinguished  into  active  and  passive  (Tiie  bones  and 
the  muscles),  377.  Structure  and  properties  of  muscular  fibres, 
378.  Of  the  tendons  and  aponeuroses,  379.  Phenomena  of  mus- 
cular contraction  determined  by  an  act  of  the  will,  380.  Asound 
state  of  the  nerves,  arteries,  and  veins  belonging  to  a  muscle,  is 
necessary  to  its  action,  380.  Theory  of  this  action,  381.  Prepon- 
derance of  the  flexor  muscles  over  the  extensors,  382.  This  pre- 
ponderance varies,  according  to  the  age,  the  state  of  health  or 
disease,  385.  Of  the  power  of  the  muscles,  it  bears  a  propor- 
tion to  the  number  of  their  fibres,  387.  The  degree  of  dec.urta- 
lation  of  which  they  are  capable  is  proportioned  to  the  length  of 
their  fibres,  387 — 388.  Direction  of  the  motions  performed  by 
the  action  of  the  muscles,  388,  389.  Of  muscular  flesh,  392. 
Galvanism,  393.  Volta's  apparatus  or  galvanic  pile,  397.  Ef- 
fects of  galvanism,  in  the  treatment  of  disease,  400.  General 
■view  of  the  osseous  sysiem,402.  Of  the  vertebral  column,  it  forms 
the  most  essential  part  of  the  skeleton,  403.  Difference  of  the 
stature,  at  different  times  of  the  day,  405.  Of  the  lower  limbs, 
405.  Structure  of  the  bones,  406.  Uses  of  the  periosteum,  and 
of  the  marrow,  409.  Theory  of  necrosis,  409,  410.  Of  the 
articulations,  410,  41 1'«  Of  the  articulating  cartilages,  41 1.  Of 
the  synovia,  412.    Theory  of  anchylosis,  412. 

Of  animal  mechanics;  of  standing,  414.  Of  the  centre  of 
gravity,  414,  415.  Tendency  of  the  body  to  fall,  416.  Stand- 
ing is  performed  by  an  effort  of  the  extensor  muscles,  416,  417. 
Reasons  why  it  is  impossible  for  a  new  born  child  to  stand,  418. 
Man  is  the  only  animal  that  can  stand  uptight,  421.  Of  falls, 
425.  Of  standing  on  one  foot,  426.  A  degree  of  separation  of 
the  feet  necessary  in  standing,  426.  Of  kneeling;  of  sitting; 
of  the  recumbent  posture,  427.  Of  lying  on  the  sides,  427,  4'28. 
Of  the  prone  and  supine  postures,  429.  The  different  modes  of 
the  recumbent  posture  have  a  reference  to  the  degrees  of  facility 
of  respiration  and  to  the  period  of  life,  430.  Recumbent  pos- 
ture, on  an  inclined  plane,  necessary  ^specially  to  old  peopk',431. 
Of  motions  of  progression;  of  walking,  431.  Of  walking  up 
or  down  an  inclined  surface,  433.  Mechanism  of  the  articulation 
iiUNtanl  the  leg  and  foot,  434.    Of  running,  43C.    Of  leaping, 


438.  Leaping  is  performed  by  the  sudden  extension  of  the  lower 
extremities,  previously  in  a  state  of  flexion,  438.  Of  the  vertical 
and  oblique  leap,  -440,  441.  Of  swimming;  man  swims  with 
difficulty,  441.  Swimming  natural  and  easy  to  fishes ;  its  mecha- 
nism, 442.  Of  fljiug,  443.  The  structure  of  the  body  in  birds 
is  favourable  to  this  action,  how  performed,  443,  444.  Of 
crawling,  4  15.  All  the  phenomena  of  animal  mechanics  may  be 
referred  to  the  theory  of  the  lever  of  the  third  kind,  445. 
Partial  motions  performed  by  the  upper  extremities,  447.  Of 
climbing;  of  pushing,  448.  Of  throwing  a  projectile,  449; 
Partial  motions,  as  signs  expressive  of  ideas,  460.  Of  gestures 
and  attitudes,  4/51. 

CHAPTER  IX. 
Of  Voice  and  Speech. 

Definition  of  the  voice  and  of  speech ;  circumstances  neces* 
sary  to  the  formation  of  the  voice  ;  its  organs,  452.  Opinions 
of  Ferrein  and  Dodart,  on  the  uses  of  the  glottis,  453.  The 
larynx  is,  at  once,  a  wind  and  a  stringed  instrument,  454.  Of 
the  power  of  the  voice ;  of  speech,  man  alone  is  capable  of 
speech,  455.  Of  the  vowels  and  consonants,  456,  457.  Of 
song  and  music,  458.  Of  stammering,  burr}  and  dumbness.  459. 
Instruction  of  the  deaf  and  dumb,  460.    Veutriloquism,  461. 

SECOND  CLASS. 
Functions  subservient  to  the  preservation  of  the  Species. 

Differences  of  the  sexes,  465.  Case  in  which  the  sexual  or- 
gans did  not  exist,  466.  Hermaphrodism  is  never  met  with  in 
the  human  species.  Man,  in  the  exercise  of  the  functions  of 
generation,  not  under  the  controul  of  the  seasons,  468.  Of 
the  organs  of  generation,  in  man.  469.  Of  the  female  organs 
of  generation,  472.    Of  the  signs  of  viginity,  473. 

Of  erection,  474.  Of  the  human  semen.  475.  Of  the  ora- 
ria,  477.  Of  the  impregnation  of  the  ovum,  479.  On  barren- 
ness, 481.  Systems  of  generation,  482.  Gestation,  483.  Of 
the  foetus  and  its  coverings,  486.  Of  the  developement  of  its 
organs,  487.  Of  the  circulation  of  the  blood,  in  the  foetus, 
488.  Of  the  placenta,  4S9.  The  umbilical  cord,  492.  Mode 
of  existence  of  the  foetus,  493.    Morbid  affections  to  which  it  is 
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subject  while  in  the  womb,  495.  Of  monsters,  495.  Their  dif- 
ferent kinds,  and  the  causes  which  produce  them,  496.  History 
of  a  remarkable  case,  496.  Of  the  chorion,  of  the  amnion  and 
liquor  amnii,  198.  Of  the  allantois  and  urachus,  499.  Of  the 
natural  term  of  gestation,  499.  Of  parturition,  500.  Of  the 
mechanism  of  parturition,  500,  501.  Of  twins,  503.  The  num- 
berofmale  children  born  exceeds  that  of  female,  504.  Of  super- 
fcetations,  505.  Of  suckling,  505.  Sympathy  between  the  ute- 
rus and  mammas  ;  structure  of  the  latter,  506,  507.  The  milk 
appears  to  be  brought  to  the  breasts  by  the  lymphatics,  507. 
Chemical  qualities  of  the  milk,  509.  Connexion  between  the  new 
born  child  and  the  mother,  511.  Imperfect  developement  of  the 
fcetal  lungs,  512. 

CHAPTER  XL 
Containing  ths  history  of  the  ages,  the  temperaments,  and  the 

varieties  of  the  human  species  ;  of  death  and  putrefaction. 

Of  infancy;  of  dentition,  513.  Ossification,  515.  Phenomena 
of  puberty,  516.  Connexion  between  the  developement  of  the  sex- 
ual organs  and  the  voice,  517.  Of  menstruation,  517.  Of 
the  cause  of  menstruation,  519.  Of  the  cessation  of  this  evacua- 
tion, 520.  Of  manhood,  520.  Of  temperaments  and  idiosyncra- 
sies, 521.  Of  the  sanguine  temperament,  522.  Of  the  rjfuscular 
or  athletic  temperament,  623.  Of  the  bilious  temperament,  pro- 
duced by  an  increased  energy  of  the  hepatic  system,  joined  to 
considerable  activity  of  the  sanguineous  system,  524.  Of  the 
melancholic  temperament,  526.  Lymphatic  temperament,  530. 
Nervous,  531.  Mixed  and  acquired  temperaments,  532.  Influ- 
ence of  climate  on  temperaments,  532. 

Varieties  of  the  human  species,  534.  European  Arab  race,  535. 
Negro,  535.  Mogul,  536.  Hyperborean,  536.  Moral  charac- 
teristics of  the  different  races,  537.    Giants  and  dwarfs,  538. 

Ofoldagy  and  decrepitude,  538.    Decay,  539.    Death,  541. 
Gradual  extinction  of  bodily  and  mental  powers,  in  the  reversed 
orJ^r  of  th»  ir  production,  542.    Period  of  death,  543.  Proba- 
bilities of  hum  iQ  life,  544.    Putrefaction,  547  ^ 
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